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\ ABSTRACT
e -Tests were conducted to determine the effect of hot air
& neating systems on the temperatures and the starting ability of the
" Canadian Forces M113A1 Armoured Personnel Carrier. Results showed that ke |
> M113 vehicles require heating in order to start at temperatures below
‘: -12°C. Two hot air heating systems proved to be capable of enabling
Cd
}5 venicle starting at -16°C, which, because of unusually warm ambient
K, conditions, was the lowest temperature that occurred during testing.
A One of the heating systems supplied hot air to the combustion air )
': intake, and results suggest that this method may be capable of
, enabling starting at moderately coid temperatures (down to ~ -259(C). ;
> The other system, which supplied hot exhaust gases to the engine .
N compartment and hot exhaust-free air to the batteries and personnel
» compartment, appear2d as though it would be capable of enabling vehicle ;
> starting at much lower temperatures. However, there was a significant E
. amount of waste heat associated with using hot air to warm the engine
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on the vehicle and the condensation inherent to heating with exhaust

the Espar Swingfire pulse

In addition,

gases caused serious problems.

combustion heaters that were used as the heat source in hoth heating

systems were found to be extremely unreliable.
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RALSTON, ALBERTA

SUFFIELD MEMORANDUM NO. 1165

IMPROVING LOW TEMPERATURE STARTABILITY OF M113 VEHICLES:
HOT AIR HEATING TESTS

by

T.F Stupich
V.S. Shankhla
W.G. Fdrster

1.0 INTRODUCTION

In response to a tasking initiated by the Directorate of Combat

Mobility Engineering and Maintenance, the Vehicle Mobility Section

at the Defence Research Establishment Suffield conducted studies to

determine the performance limitations of M113A1 armoured personnel

.

carriers at low temperatures (down to -40°C). An additional objective ;f

undertaken as part of the tasking was to make recommendations for :'

modifications of present machinery, systems or procedures based on “

evidence obtained by conducting experiments. Currently, M113 vehicles :§

- exhibit very poor cold starting capabilities and experience an L
5 extremely high incidence of component failure at low temperatures. To :‘
; avoid cold starting problems, standard operating procedure is to bt
E continuously idle the M113 engine throughout the duration of deployment E;
f in cold regions. R
~ -
‘ A wealth of information regarding the poor performance of M113 -
'(
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vehicles during Arctic exercises is contained in the maintenance report
from Exercise Sovereign Viking 1981 [1]. This report identifies
shortcomings of M113 vehicles with regard to cold regions operations
and provides insight into the probable causes of some of the many
vehicle breakdowns. Prolonged engine idling was identified as a
primary cause of vehicle breakdowns. Reports from previous Arctic
exercises also cite the engine's inability to attain normal operating
temperature as a chief cause of breakdowns, but on Exercise Sovereign
Viking 1981 the use of vehicle insulation enabled virtually normal
engine operating temperatures to be refched. Various other heat
retention devices such as grille covers and shutters, controlled
cooling fans and exhaust retrictors can alsc increase engine operating

temperatures.

Reference 2 reports on tests designed to define the minimum

Y
LI A

x

reliable starting temperatures of typical in-service M113 vehicles

L4
)

operated by CF personnel. This study revealed the severity of the
starting problem and thereby the necessity, given the curren:c vehicle,

of continuous engine idling even in moderate winter conditions.

AR -:-,-7

In order to eliminate the need for continuous idling, cold
starting capabilities require substantial improvement. However, there
are many factors that contribute to the cold starting problems of
diesel vehicles. Diesel engines operate on the principle of
compression ignition; therefore, a minimum combustion chamber
temperature must be achieved during the compression stroke in order for
the fuel/air mixture to ignite. The compression temperature achieved
is mainly dependent on air inlet temperature and attainable cranking
speed. Figure 1 reveals the effect of preheating intake air from an
ambient temperature of -20°C up to temperatures as warm as 20°C. At a
cranking speced of 150 rpm, for instance, the effect would be to

increase compression temperatures from 300°C to 370°C. This would very

UNCLASSIFIED
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likely be the difference between a successful start and a no-start (a
~ombust ion chamber temperature of 340°C ensures ignition of Jdiesel

3 fuel (3]).

. “igure 1 also displays tne eoffect of cranking speed on
compression temperature and hence starting. A cranking speed of

o 120 rpm would heat -20°C intake air to only 250°C, whereas with a

‘‘ cranking speed of 180 rpm the air would be heated to 340°C. Fronm

anather perspective, aven though at 20°C a cranking speed of 120 rpm i3z

sufficient to attain the ignition temperature of diesel fuel (shown by

broken line), 180 rpm is needed at the lower temperature.

WA T e

Cranking speed is chiefly dependent on available battery power
_: and resistance to cranking. The amount of power that a battery can
deliver i1s a function of the electrolyte temperature as shown in
Figure 2. A battery at -30°C can deliver only 20% cof the rated maximum

power whereas one at 27°C potentially has 100% available.

. Engine lubricant viscosity is the factor having the most

‘ influence upon the amount of cranking resistance encountered.
Jiscosity is profoundly affected by temperature as evidenced by
Figure 3. Transmission lubricants can also have a significant effect

on the total cranking resistance on some vehicles but M113s are

. equipped with the Arctic clutch, a device which disconnects the

‘ crankshaft from the transfer gearcase in order to reduce cranking

; resistance.
3
i Apart from intake air temperature, electrolyte temperature and

. engine lubricant viscosity, the only factor having a major influence on :
j cold starting ability is the delivery of fuel to the combustion %]
3 chamber. The increased fuel viscosity and reduced cranking speeds -
X common to low temperatures can decrease the quality of injection of the B
f UNCLASSIFIED .
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fuel and thereby cause additional starting problems.

During this investigation of M113 low temperature startability,

a total of four different concepts were tested. These were:

Automatic Engine Cycling
Hot Coolant Transfusion

Electric Heating

a o o W

Heating Using Hot Air and Heater Exhaust

The tests were conducted at Canadian Forces Base Winnipeg,
January - February 1984, and were performed to determine the most

favourable concept for heating M113 vehicles deployed in cold regions.

This report is concerned with the performance of two hot air
heating systems. In these heating systems, fuel-fired pulse combustion
heaters were utilized for preheating. Preheating involves rapidly
increasing the temperatures of an initially cold vehicle in order to
enable starting. Both hot air and exhaust gases were used to heat
batteries, the engine block, engine lubricant and intake air. Vehicle
mcdifications we.e also made to facilitate the testing of fuel warming

and conditioning devices, grille covers and a controlled cooling fan.

2.0 OBJECTIVES

1. To determine the feasibility of preheating M113 vehicles using

not air and heater exhaust.

2. To compare the starting ability of vehicles equipped with nhot air

heating systems with that of unequipped vehicles.
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3. To determine the capability of the hot air heating systems tested

to preheat M113 vehicles at temperatures as low as -40°C.

4, To determine the minimum temperatures to which various components

must be heated in order to enable vehicle starting.

5. To determine the minimum heat input and preheating time required

to enable starting as a function of initial vehicle temperature.

3.0 EQUIPMENT

3.1 Test Vehicles

M113 armoured personnel carriers equipped with V53 Detroit
Diesel engines were utilized as test vehicles. Data on these vehicles
and the 6V53 power plant are presented in Annex A. Vehicle
preparations for low temperature operation involved the use of winter
grade diesel fuel, 15W40 multigrade motor oil and a 45% water, 55%
ethylene glycol coolant mixture. A CF issue grille cover was installed
over the fan and radiator grille on each vehicle to reduce the influx
of cold ambient air into the engine conmpartment. In addition, the fan
b2lts on each vehicle were removed in order to decrease engine warmup
time and simulate tne effect of a thermostatically-controlled cooling
fan. Two vehicles are of concern in the tests of the hot air heating

3ystem, the control vehicle and the test vehicle.

3.2 Data Acquisition

Both vehicles were equipped with type T thermocouples which
measured oil, coolant, intake air, fuel and electrolyte temperatures

{see Figure B-1). Table B-1 provides a listing for the 18
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thermocouples installed on the test vehicle. A schematic drawing of
their locations is shown in Figure B-2., A listing of the locations of
the thermocouples installed on the control vehicle is provided in

Annex D.

To permit measurement of starting current and voltage, a 1200A
50mV current shunt as shown in Figure B-~3 was installed on each of the
vehicles., Engine speed was measured using an optical encoder on the
camshaft. Figure B-U4 shows the encoder and Figure B-5 displays its
installation. The encoder produced 300 pulses per revolution of the

camshaft.

A Macsym 350 data acquisition system was used to record and
display temperatures and starting data. Figure B-6 gives a schematic
of the hardware used in this data acquisition system. Annex B also

includes a copy of the software which was written in MACBASIC.

3.3 Vehicle Heating

Espar Swingfire heaters {see Figure U) were used as the sources
of heated air and hot exhaust gases. The heaters are fuelled by
gasoline and produce approximately 12KW (40,000 BTU/hr) [6]. They
operate on the principle of pulse combustion which means that
electrical power is required only during heater start-up. Since they
are also equipped with their own fuel tank, the heaters require no
external connections once started and therefore are easily portable
while operating. Swingfire heaters are claimed by the manufacturer to
be capable of starting at temperatures as low as -54°C, and they can be
used with a wide variety of heat exchangers which make the heater

adaptable to many different types of heating systems.
The heat exchangers used during these tests included the mixing

UNCLASSIFIED
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|
' pipe (Figure 5), the turboheater (Figure 6) and the hot air blower

(Figure 7). The Swingfire heater outputs a pulsating stream of exhaust
gases. When the mixing pipe is attached to it, fresh air is entrained
into the stream of exhaust gases and the mixture is delivered at a

Y temperature of about 340°C. The turboheater uses the exhaust stream to
drive 2 turbine which draws air through the heat exchanger and outputs
exhaust-free air at a temperature of approximately 100°C. There is a
separate exhaust for the products of combustion. The hot air blower
also uses a turbine to entrain fresh air but does not completely remove
all products of combustion from the heater output. The hot air blower
has a much higher outlet temperature (300°C) than the turboheater.

Note that the output temperatures quoted above are representative of

| the results obtained during the tests reported herein, for which fresh

air temperatures were in the range -16°C to +2°C.

As shown schematically in Figure 8, the heating system on the
test vehicle utilized two Swingfire heaters, one in conjunction with a
4 mixing pipe and the other with a turboheater. A photo of a mixing

pipe, Swingfire heater and turboheater is provided in Figure 9. The

- rear engine access panel on the vehicle was modified to permit
installation of a 6" length of 14" flexible pipe that originated in the
personnel compartment and terminated inside the engine compartment
underneath the rear of the oil pan. For vehicle heating tests, the
mixing pipe was coupled to this pipe and was thus able to warm the oil

pan despite being located in the personnel compartment.

TR P Wy Tl

The second Swingfire heater was also installed in the personnel
compartment, but this one was used with a turboheater for the purpose
of warming vehicle hatteries., Battery heating was accomplished through
the use of O" diameter flexible ducting which connected to the
turboheater and directed the hot air output toward the top of the

batteries. In the initial set-up, a battery 1lid was used to direct the
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heat evenly over the top of the batteries and also to reduce the amount
of heat escaping from the battery box. During the first test of this
system, however, it appeared that the amount of heating was excessive
and that the batteries would be damaged unless the output from the
turboheater was dispersed to a greater extent. Therefore, in all
subsequent tests the battery lid was not utilized. Turboheater exhaust
was carried through the modified rear engine access panel and

directed at the top of the right cylinder head. The limited space
available within the engine compartment dictated the location at which
this exhaust pipe terminated. It would have been preferable to have
the exhaust directed evenly across the engine block rather than over a

small area on one side of the block.

The hot air blower was used on the control vehicle but did not
require vehicle modification or the permanent installation of any
equipment. Heating of the control vehicle merely involved removing the
air cleaner and directing the hot air blower output directly into the

air intake through the use of a length of 3%" flexible ducting.

3.4 Fuel Conditioning

The test vehicle was equipped with a Dahl Model #100 fuel

filter/water separator (see Figure 10). This filter was used as a

|

replacement for the standard vehicle primary fuel filter because of
superior water extraction and contaminant filtration capabilities. A
Webb Fuel Heater (Figure 11) was used in conjunction with the improved
filter since the two together were considered a potential solution to
fuel line freezing and filter clogging problems. The fuel heater used
hot coolant from the engine as its heat source. Heating of fuel
decreases the size of the wax crystals in it. Fuel heating also
reduces fuel viscosity, improves atomization and decreases the

incidence of ice c¢rystal formation. When the fuel filter/water

UNCLASSIFIED
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separator is used, the fuel heater is needed to reduce the size of the

wax crystals because of the substantially increased degree of

filtration (2 micron filter vs. 15 micron filter of standard vehicle). :

TEST PROCEDURE

Vehicle temperatures were automatically measured and recorded at

s one minute intervals. Measurement of starting data was initiated

manually whenever required; the data consisted of engine speed,

K} starting current and starting voltage taken over a 20 second span.

R g o X o)

Tests on the starting ability of cold soaked vehicles were

conducted with both the test vehicle and the control vehicle. Cold

[ oR o 2% SN 4

soaked was defined as a condition where all vehicle temperatures were
within a range of 4°C. Cold soak temperature is the average engine

temperature of a cold soaked vehicle. Cranking periods were limited to

15 seconds. A maximum of five starting attempts were made after which

a no-start was declared. The maximum of five, 15 second cranking
periods is advocated in the Canadian Supplement of the M113 Operator's
Manual [7].

Swingfire heaters were applied once a no-start was identified and

were used to preheat cold soaked vehicles to temperatures at which
" starting would be possible. On the test vehicle, the first heater N

started was inserted into the mixing pipe, then the second heater was

started and inserted into the turboheater. Once a vehicle started

successfully, the heaters were switched off and removed. Vehicle

warmup procedures ensued in accordance with those outlined in the M113
5 Operating Manual [8]. When the coolant temperature (measured at the ‘
thermostat housing) reached 60°C the engine was shut off and allowed to

return to a cold soak state.
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To decreass cranking resistance and thereby improve starting
ability, the Arctic clutch was utilized during all starting tests. Use
of the Arctic clutch is recommended by the CF for starting in the
temperature range of 4°C to -32°C [8]. In addition, engine fan belts
were removed to simulate having a thermostatically controlled cooling
fan on the vehicle. (The concept of using a controlled cooling fan on
the M113 had been approved, but appropriate hardware wias unavailable at
the commencement of testing.) The major benefit of controlling cooling
fan operation while the vehicle is deployed in cold regions is a
reduction in the cooling effect on the engine and a resultant increase
in engine operating temperatures. In these tests, removal of the fan
belts served to decrease the time required to reach 60°C during engine

warm-up.

The specific gravity of the electrolyte in vehicle batteries was
checked daily and whenever the temperature compensated value dropped
below 1.25, the batteries were replaced, as recommended in the vehicle

operators manual [8].

5.0  RESULTS AND DISCUSSION

Table 1 lists the type of heating tests conducted on both the
test vehicle and the control vehicle. Those tests in which the vehicle
started without being heated are not included in the table. The
Swingfire heaters were used to heat the test vehicle on seven
occasions. On four of those occasions (Test No. 3, 5, 6 and 7) ambient
temperature conditions were warm enough that heating was not necessary
to enable starting, but heating was carried out nevertheless in order
to gather information on the effect of the heaters on vehicle

temperatures. To enable starting on the control vehicle, the hot air
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’ blower was needed only three times.
: Table 2 provides startability data for an M113 vehicle as a
A function of cold soak temperature. Table 3 displays temperature
» increases produced during the initial fifteen minute segment in each of
the four heating tests with the mixing pipe/turboheater combination.
:' Table U4 displays the temperatures to which the test vehicle was heated
. before starting was possible.
0
E Figures 12 and 13 display the effect of preheating with the
$$ mixing pipe/turboheater combination on engine and crew compartment
i temperatures. Figure 14 shows the effect of the hot air blower on
. vehicle temperatures. Starting data curves for unsuccessful as well as
E a successful start attempt are shown in Figures 15-17.
a9
L In Annex C a complete record of the temperature and starting data
: recorded from the test vehicle is provided. Annex D contains the data
b, for the control vehicle.
y
i- 5.1 Heater Performance
W Very little comment about the results obtained in these tests can
Ji be made without first discussing the performance of the Swingfire
X heaters. These heaters exhibited severe reliability problems '
’ throughout the test period as revealed in Table 1. They malfunctioned .
+ during six of the seven heating tests conducted. To minimize the
: effect of a heater malfunction on vehicle temperatures, heaters were ;
: restarted as soon after a heater shutdown as possible. Monitoring and '
0 restarting of heaters became a full-time endeavour as, during some
¢ tests, both heaters shut down several times. On occasion a heater \
‘é remained shut down for several minutes. ]
i UNCLASSIFIED
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The Swingfire heaters also required frequent fine tuning of the
fuel regulator kncdb which adjusted the fuel/air ratio. Typically,
after approximately ten minutes of operation, the heater would start
to run rough and would require adjustment. During some tests
re-adjustment was performed frequently, but this appeared to increase

heater operating time only slightly.

The foremost objective of these tests was to determine the
practicality of the concept of heating with hot air and exhaust, while
determination of the applicability of the Swingfire heaters was of
secondary importance. Therefore when, prior to commencement of tests,
the heaters began to exhibit cold starting problems, the decision was
made to store them indoors at warm temperatures. In each test
thereafter, Swingfire heaters were started indoors and were carried out
to the vehicles and inserted into the heat exchangers. In spite of
those precautions, heater starting was difficult and occasionally
resulted in a delay of several minutes from the time that the first
heater was installed in the mixing pipe and the time that the second

was installed in the turboheater.

Pulse combustion heaters tend to be very noisy and Swingfire
heaters are certainly no exception. Noise levels were not measured but
ear protection is recommended while nperating the heater within the
confines of the personnel compartment. Once installed in a heat
exchanger, the noise level was reduced substantially, particularly in

the case of the turboheater.

A potentially serious problem exhibited by the heaters was the
leaking of gasoline out the end of the combustion pipe. On a few
occasions, this resulted in flames shooting out the end of the

combustion pipe during start-up. This alone may be considered serious
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enough to warrant disqualification of the Swingfire as a candidate for

use on a vehicle.

5.2 Startability of Cold Soaked Vehicles

It was found during testing that all the vehicles on which
starting tests were performed had identical low temperature starting
abilities. Table 2 reveals the reduction in startability as
temperature drops. Starting ability decreases with temperature until a
neld soak temperature of -12°C is reached; below this temperature
starting becomes impossible. It was also noted that successful
starting only occurred at cranking speeds greater than 120 rpm. The

startability that the M113 vehicles exhibited during these tests is

i
E
i
]
'
i
y
E
R
.
§

examined in greater detail in Reference 9. The effect of temperature
on current, voltage and cranking speed is also discussed. For
instance, it was found that the current draw and voltage drop increased
at lower temperatures while cranking speed was reduced. At a cold soak
temperature of -17°C, the draw on the vehicle batteries was so severe
that cranking characteristics began to deteriorate within seconds. On
the other hand, at -12°C and above, cranking characteristics were
consistent throughout all five 15 second cranking periods. At
temperatures above -1°C the engine cranked at high speeds (eg. 180 rpm)

and started after only a few seconds.

5.3 Vehicle Preheating

An analysis of the effect that preheating with hot air had on

'ﬁrf{rlvliq

vehicle temperatures was difficult to perform because of the poor
reliability of the Swingfire heaters. There was only one test in which
the heaters operated without malfunctioning for significantly more than

fifteen minutes. Therefore, a study of the variations in vehicle

LA G0

temperatures must be limited to short heating periods or must be based

Sl

UNCLASSIFIED

7y

=

P L T T e rﬁr.‘m.‘v(f&-...‘r,\.‘\.\" ?-"ﬂv‘-
A AN N I O N N A NG o
e N A e e



LA

-'"-‘-'.'-

- l" .'I ’. 'L{‘ (‘. '

W

p 3

UNCLASSIFIED /14

solely on data from one test. During that test, 70 minutes of

preheating were performed without any heater malfunctions.

Figure 12 displays the engine temperatures recorded in the

70 minute heating period. The greatest temperature rise occurred in
the o0il because the mixing pipe exhausted directly onto the oil pan.
The air temperatures in the engine compartment (thermocouples 7, 8 and
9) increased substantially and remained within a few degrees of each
other throughout the heating period. Coolant at the right rear
cylinder head was 10°C warmer than coolant at the thermostat housing.
Both the right rear cylinder head and the fuel inlet appear to receive

considerable heat from the turboheater exhaust.

Immediately following shut-down of the heaters, front and rear
engine compartment temperatures dropped dramatically while oil, fuel

and coolant temperatures decreased at a much lower rate.

Figure 13 displays the temperature variations in the crew
compartment brought about through the use of the turboheater. The
temperature of the turboheater output increased quickly and then
stabilized near 100°C. Air in the battery box showed the most
substantial temperature rise due to the fact that turboheater output
was directed at the batteries. The temperature within the battery also
rose significantly but dropped abruptly when the turboheater was shut
down. The bulk temperature of the electrolyte in a battery cannot
actually change as quickly as the curve in Figure 13 suggests;
therefore, it is apparent that the installed thermocouple did not
provide a true value of the average internal battery temperature.
However, by the end of the heating curve shown in Figure 13 battery
Lemperature had levelled off at approximately 14°C., The fact that it
did so suggests that temperatures throughout the battery had reached an

equilibrium and that 14°C was a more accurate indication of battery

UNCLASSIFIED
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R K K A

temperature than the 42°C reading recorded at the time the turboheater
was shut down. The air temperature increased much more in the rear of
the crew compartment than in the front because the turboheater outlet
was in the rear. Soon after shutdown, front and rear converged at

-2°C, which corresponds to an increase of about 8°C.

Test No. 1 in Table 3 shows mixing pipe/turboheater data from
15 minutes of preheating on a vehicle initially at a cold soak
temperature of -12°C. Test No. 2 displays data gathered on the coldest
day during the Swingfire test period. In this test, the initial cold

soak temperature was -16°C and a total heating period of 43 minutes was

required to enable starting. These two examples show very close

correlation between the temperature increases produced at corresponding

@ o T X AT R AN A A T RO e R T BT T

vehicle locations.

ot gt g™y h )

Tests 3 and 4 in Table 3 also show a close correlation between

one another but in some aspects differ markedly from tests 1 and 2. In

Yy

tests 3 and 4, oil pan temperatures were lower while tha coolant in the

right rear cylinder head was warmer. The air temperature at the front

[ ¥ 85 )

of the engine bay was considerably lower as well. These differences
ocecurred as a result of vehicle starting attempts performed during the
fifteen minute preheating period in tests 3 and 4. Warm oil from the
sump would have been drawn up into the engine and replaced by cooler
0il from the engine. The coolant in the right rear cylinder head was
most likely displaced by warmer coolant circulated from the area

directly beneath the turboheater exhaust outlet. Engine cranking

U L S L LS G 5 N e B S 4

caused a drop in engine compartment temperature because cold air was
drawn in from outside the vehicle. Cranking was also found to have a
significant effect on vehicle temperatures during preheating tests

performed with electric heaters [9].
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The only other non-uniformity between the temperature rises
produced in each of the four tests was the high battery temperature
achieved during test 4, but this difference was likely a consequence of
a slight adjustment of the flexible ducting on the turboheater hot air
outlet.

The temperature curve in Figure 14 reveals that there is
virtually no similarity between preheating tests conducted on the
control vehicle (hot air blower) and those conducted on the test
vehicle. The air inlet, the only vehicle component to undergo any
temperature rise, showed a temperature increase of 85°C in just
9 minutes of heating. Immediately after the engine was started, the
air inlet temperature dropped significantly and the oil and coolant

temperatures began to rise.

5.4 Starting Heated Vehicles

A frozen starter prevented test vehicle starting in one instance.

None of the other vehicles used for testing had difficulties with
frozen starters. The large amount of condensation within the engine
compartment (droplets of water covered most components) that occurred
as a result of exhaust gases being used to heat the engine was likely
responsitle for the problem. After cold soaking, the engine was
covered in frost. To prevent this from occurring, the mixing pipe
should not be employed and only the exhaust-free not air output from

the turboheater used for vehicle heating.

Table 4 displays vehicle temperatures recorded during preheating
of the test vehicle. The temperatures shown are those that existed
Just prior to the successful start as w2ll as those existing prior to
tne previous unsuccessful start attempt. A maximum of five start

Aattempts were made during a single preheating test. Although
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cold soaked vehicles could start at temperatures as low as -12°C, much

warmer temperatures had to be attained in preheated vehicles. Starting

was unsuccessful despite the fact that the minimum vehicle temperatures

recorded at the time of each of the three unsuccessful attempts were -
-8°C, -6°C and -3°C respectively. In all three cases, these minimum

temperatures occurred in the engine block. The average engine block

. -
o

temperature was increased to 0°C in two of the tests and to 2°C in the
third before the engine started. The other vehicle components which
have a significant effect on startability were heated to warmer N

temperatures as revealed by Test 2 in Table 4:

fuel inlet = 8°C

- air inlet = 21°C :

battery electrolyte = 17°C h

- engine o0il = 29°C

The temperatures of these components suggests that engine block y

temperature was the chief factor limiting vehicle startability. 5

The effect of preheating on engine cranking characteristics is
1isplayed in Figures 15-17. Figure 15 presents cranking data from the
initial unsuccessful starting attempt on a vehicle cold socaked at
-16°C. Initially, the voltage was approximately 24V (battery voltage) o
but dropped as soon as engine cranking commenced. Cu.rent and engine *

speed rose sharply at the same instant.

Figure 16 shows the improvement in cranking characteristics
effected by 27 minutes of heating with the mixing pipe/turboheater
combination. Current draw was reduced to UOOA from 600A, voltage
dropped to 14,5V as opposed to 12.5V, and the engine was on the verge
of starting due to an increase in cranking speed from 90 rpm to

140 rpm. The rise in engine speed to nearly 600 rpm at the beginning
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of the cranking period (caused by the engine firing briefly) is a clear

indication that the starting attempt was almost successful.

o IR

Figure 17 shows data from the successful start which occurred
after an additional 16 minutes of heating. Following engine starting,
the current dropped and remairned well below zero, thereby indicating
. that the batteries had been drained substantially by the numerous
unsuccessful start attempts and were being recharged at a high rate.

The voltage rose to approximately 28V (regulator voltage). The engine

speed fluctuated rapidly immediately after starting but began to level

off at 750-800 rpm by the end of the 20 second period shown in the

[l S

figure.

Large fluctuations in engine speed were caused by hunting of the
X governor. As cold soak temperatures decreased, governor hunting became
more likely and would result in greater engine speed fluctuations. It

would also continue for longer periods of time.

Although not discernable from these figures, a preheated engine
) would run rough for about the first minute after it was started. The
CF vehicle technicians on hand claimed that the noise and vibration
produced were a result of some cylinders not firing. This condition,
which was likely very detrimental to the engine, was caused by the fact

that the turboheater exhaust warmed only a limited area of the engine

block while other areas remained at much lower temperatures. Within
one minute of starting, all cylinders were firing and the engine was
running smoothly, thereby suggesting that the amount of heat generated

by the engine during this period was sufficient to warm the remaining

‘--
& _r ®w_ = - ‘a2t
"t v:m:r'.

cylinders.

Preheating with the hot air blower produced icsults that were

significantly different from those obtained using the mixing
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pipe/turboheater combination. The hot air blower enabled starting
after a much shorter period of heating, even though, as shown in
Figure 14, all vehicle temperatures except the air inlet were below
-12°C. It would appear therefore that application of the hot air
blower is an efficient method of heating a cold soaked vehicle.
However, this method would likely encounter problems or even be
completely ineffective at lower temperatures. To prevent excessive
engine wear during starting at very low temperatures, the oil and the
engine block should not be allowed to remain at cold soak temperatures.
There are severe consequences if an engine is started and operated

while the oil in the sump is in a highly viscous, gelled state.

There were two tests with the hot air blower in which the engine
apparently started but then shut down immediately upon removal of the
heater duct from the air inlet. This reveals that even after having

started, the engine was too cold to run on its own.

5.5 Required Heat Input

The amount of heat needed to enable starting can only be
estimated roughly from the data gathered in the heating tests. In the
temperature range at which tests were conducted, there was no
regquirement for battery heating. According tc Reference 10, as long as
proper winter lubricants are used, a battery at -15°C has sufficient
power to adequately crank an M113 engine. In the Swingfire heating
tests, therefore, battery temperature was not the cause of the starting
problems. With that in mind, battery heating with the turboheater was
not necessary and tne amount of heat utilized for that purpose should
not be included in the calculation of the total amount of heat used to
start the vehicle. On the other hand, turbcheater cxhaust, since it
was ducted into the engine compartment, should be included. That, in

addition to the mixing pipe output to the engine compartment brings the

UNCLASSIFIED
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total heat input to the engine to approximately 16 kW. The output from

the hot air blower was about 9 kW.

At an ambient temperature of -13°C, the mixing pipe/turboheater
combination was applied for 41 minutes (total energy input of 11 kWh),
while the hot air blower needed only 9 minutes (total energy input of
1.4 kWh) to enable starting. The hot air blower method is obviously
much more efficient. However, there is a limited temperature range
over which it will be effective. The mixing pipe/turboheater method,
though extremely inefficient, may be applicable over a wider range of

temperatures.

To be acceptable, a preheating system must possess the capability
to enable vehicle starting under the worst possible ambient condition
which, in this case, was considered to be -U40°C. Due to the ambient
conditions which persisted throughout the test period, preheating tests
could only be conducted at cold soak temperatures ranging from -12°C to
-16°C. Extrapolation of the data from this range to -40°C will not
produce a reliable and accurate result, but the effort is made in order

to acquire a very rough approximation.

When the mixing pipe/turboheater method is applied, starting is
limited by the temperature of the engine, which, as determined from the

data presented in Table 4, must reach an average temperature of 0°C to

enable starting. Test No. 2 in Table 4 displays data from the
preheating test at -16°C, the lowest temperature at which a test was
conducted. A U3 minute heating period, or 11 kWh heat input, was
needed to increase the average engine temperature by 16°C and thereby
permit vehicle starting. Assuming that engine temperature would
continue to increase lirearly with time as it did in Figure 13 and that
a 40°C rise would be sufficient at an ambient temperature of -40°C, the

heat requirement would be 29 kWh (110 minutes of heater application).
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) The Swingfire heaters never once operated unremittingly for nearly that
L 1ong a period, and continuous monitoring and restarting of heaters
wnile ambient temperatures are at -40°9C are not considered

practical.

" 6.0 CONCLUSIONS

(1) Both of the hot aii heating systems discussed herein (hot air
blower and mixing pipe-turboheater combination) proved capable of
enabling M113 vehicle stariing at -16°C; the hot air bower method was

much more efficient and required a much shorter heating period.
(2) Without a vehicle heating system, starting was not possible at
temperatures below -12°C. Neither did it occur when the engine was

cranked at less than 120 rpm.

N {(3) The test results suggest that preheating at much lower

P temperatures would be possible using the mixing pipe/turboheater

] combination. The hot air blower on the other hand, appears to be

7; limited to moderate temperatures.

}

- (4) The large amount of condensation that occurs within the engine
compartment when using exhaust gases to heat the engine is a

; significant problem.

’ {3) The Swingfire heaters were very unreliable. In addition, the use

of gasoline for fuel would cause a logistics problem on a diesel
vehicle. The heaters are dangerous since they leaked fuel and

L occasionally shot flames out the end of the combustion pipe. They
exhibited poor cold weather starting characteristics, and they were

also very noisy.
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(6) The required preheating periods using the mixing pipe/turboheater

- T B

combination were extremely long considering that the vehicles were cold

soaked at tempecatures wiiich werc only slightly belew the start

) temperature of an unheated vehicle. Substantially more time would be !
’ required to enable starting of a vehicle cold soaked at -40°C; the data :
obtained in these tests are insufficient to determine a reliable >

estimate or even whether it would be possible. Further testing would o4,

L
be required to determine a reliable estimate of the time needed, but g-

due to the number of shortcomings of this heating system, additional .

y work is not recommended. ‘
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TEST AMBIENT
NO. TEMPERATURE

TYPE OF TEST

COMMENTS

TEST VEHICLE

1 - 12°C
2 - 16°C
3 - 8°C
4 - 13°C
5 - 6°C
6 2°C
7 - 2°C

CONTROL VEHICLE

1 - 13°C
2 - 13°C
3 - 11°C

34 minute preheat
to start

43 minute preheat
to start

70 minute preheat

41 minute preheat
to start

191 minute heating
curve

195 minute heating
curve

131 minute heating
curve

10 minute preheat
to start

9 minute preheat
to start

3 minute preheat
to start

numerous heater
malfunctions

numerous heater
malfunctions

no-start due to
frozen starter

numerous heater
malfunctions

numerous heater

malfunctions — turboheater

breakdown — used for
only 83 minutes

numerous heater
malfunctions

numerous heater
malfunctions

data measurement
system malfunction

Table 1: TESTS CONDUCTED USING HOT AIR HEATING SYSTEMS
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DATA SUMMARY

M113A1 ARMOURED PERSONNEL CARRIER

MANUFACTURER ................ FMC Corporation Ordnance Division
CAPACITY
Crew ..., 1 driver, 1 vehicle commander (fully equipped)
Passengers ....... ...t 9 personnel (fully equipped)
WEIGHT
Combat Loaded Weight ........... ... ... .. . i, 10,930 kg
DIMENSIONS
Length — maximum, overall ........... ... ... . .. ... ... .. .. 4,860 mm
Width — maximum, overall .......... ... . ... . ... . .. 2,690 mm
Height — maximum, to top of machine gun pintle ........... 2,200 mm
Ground Clearance ..............c. ittt 410 mm
PERFORMANCE
Maximum Speed Forward ........... ... ... . i 69 km/h
Maximum Speed Reverse ............c. i, 15 km/h
Cruising Range (at 40 km/h average speed) ................... 430 km
Fuel Consumption (at 40 km/h average speed) ........... 83 1/100 km
ENGINE
Manufacturer ........ ... ... ... . ..., Detroit Diesel Division of GMC
SIS i e 6Vv5h3
Model ... 5063 - 5299
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"
ENGINE (Cont'd)
TYpe .o Two cycle diesel compression ignition N
Firing Order (viewed from front of engine) ....... 1L-3R-3L-2R-2L-1R
BOME .. 98 mm N
StOKE . it 114 mm
Piston Displacement ......... ... ... . i 5.2 ¢
Compression Ratio ......... .. 215 to 1 N
Brake Horsepower ...................... ... ... 167 kW at 2800 rpm .
Maximum Torque . .........couiuirniiannnn... 670 Nm at 1300 rpm 3
Governed Speed — full foad ....... ... i, 2800 rpm N
—noload ........ i 2925 — 3025 rpm !
Idle Speed ....... ... i e 600 to 650 rpm
Crankshaft Rotation (viewed from front of engine) ................. cw :
Valves (4 exhaust valves per cylinder) ............ overhead rocker arm :
DY WEIGHE . . oot e e e e e e e 610 kg 2
Normal Operating Temperature ................c.couvun.... 77° — 88°C ~
Cooling ........ovviiii i liquid cooled w/fan and radiator v
Lubrication ....... ... ... e forced feed v,
¢
&
ELECTRICAL SYSTEM 4
Voltage ... o 24 volt system ~
Batteries — number used (BB248/U) .............................. 2 3
— VOHBGE ... 12V 'l
— CAPACIHY ...t 100 amp hour %
— ground terminal ........ ... ... . negative |
Generator w/built-in rectifier :
— MAKE .. e e Leece - Neville R
— model ... e 2184 AC N
— CAPACIY ... e 100 amp 1
Regulator — make ........... ...t i Leece - Neville
— YD e 3392-R12P
Starting motor — make .............. ... i Delco - Remy
—model ...... ... 1113873
UNCLASSIFIED
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FUEL SYSTEM

Fuel Pump — make ... ... ... i GM
— type — positive displacement ................. gear type

Fuel Line (restricted fitting) ........................ 0.075 coded R.075
Fuel Filters (type) ... ... . i e cartridge
Injectors — type (limited multi-fuel) ............ ... ... ... ... ..... M50
TRANSMISSION
Manufacturer ... ... . . .. e Allison
Model ... e e TX100-1
Rating — maximum input torque ............ ... ... ... ... 440 Nm

— maximum input speed ............. .. ... ..., 4000 rpm

— maximum net iNput POWEr ...............ovuuune... 150 kW
Maximum Oil Temperature .......... ... .cciiiiniine... 150°C
Torque Converter Model TC-350, stall torque ratio ............... 3.1:1
Transmission Ratios

— st gear ... 3.81:1

— 2nd GBAIr ... 1.94:1

— 3rd gear L. 1.00:1

U TBVBISE ..t e 4.35:1
CAPACITIES

Refill Dry
Engine Oil System .......................... 17 L 2L
Transmission Oil System ..................... 15 L 17 L
Differential Oil System ...................... 18 L 23 L
Transfer Gearcase ................ccouvuiiunnn 2L 2L
Final Drive ...... .. ... ... .. . i 1.4 L 14 L
Ramp Hydraulic Sump ...................... 1.7L 1.7 L
Cooling Fan Gear Box ...................... 03L 03L
Fuel Tank ... ... .. ... ... ... .. . . . .. . 360 L
Cooling System ...............ccoviiiit. 34 L 34L
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THE:’:';(;::PLE Mn:IE\‘S):JUR':D THERMOCOUPLE LOCATION
1 Oil Oil pan, front
2 Qil Oil pan, rear
3 Coolant Thermostat housing
4 Coolant Connector pipe,

Qil cooler to engine block
5 Coolant Engine block, right
6 Coolant Cylinder head, rear, right
7 Air Engine compartment, front
8 Air Engine compartment, rear
9 Air Air inlet horn
10 Fuel Fuel inlet
11 Electrolyte Battery, forward
12 Air Battery box
13 Air Crew compartment, front
14 Air Crew compartment, rear
15 Exhaust Gas Mixing pipe outlet
16 Air Turboheater output
17 Exhaust Gas Turboheater exhaust
18 Air Outside of vehicle
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- EXAMPLES OF THERMOCOUPLES USED IN DIFFERENT MEDIUMS )
a) COOLANT, OIL, FUEL
, b) ELECTROLYTE
. c) AIR
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DECLARATION/
DEFINITION
INITIALIZATION
! L I I I e T =
i MAINLINE i 1 i
] | !
[, TEMPERATURE ENGINE ON/OFF
N RECORDING s.,LAsT(T TASK
TASK

PROGRAM STOP
K
&
»

AUTO START
ON/OFF
TEMPERATURE
RECORDING

X ON / OFF

MANUAL START
k) ON
[
)
[}
;l
)
& DISK

INITIALIZATION

CHARGE
DEFAULTS

P L L Pl

STRUCTURE OF DATA ACQUISITION
g TEMPERATORE AND DISPLAY PROGRAM

K DISPLAY

L
-
-
7’4
o
.
I

START DATA
DISPLAY

M N ey

[’ S T

ENGINE ON/OFF
DISPLAY

GRAPHIC
TEMPERATURE
DISPLAY

- - o~
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UNCLASSIFIED

tig RRBeE COLD WEATHER STamiIed TRISS DATA ACGU TS 00 50 2TEA ERLE

{2e

e L0 PRRERRCREERRRIARRRURREN
QRARERRREH
140 2Re@

1o Qe VARTABLE LECLARATIONES L UEFINLTIONS — -

L5) @@
170 0RCERAGRABRRR2GERS

CEeesEeeed - -

RURREREERAD

[EIRE (IR SR XE, pEPER )'.".‘D FEAr R IR YRR R

120
V) BE? HMAINLINE . GLOERA

L VARIAPLES

510 @ TEMF_SELC” S - P I —_—
S20 R TiiF &) TEXFORGR T AR IARLE
521 @ AUTO_FLAY - i FLAG T TR0y s wTaR s 0 ¢
ACTIVaATED . —
~r2 @ ENGIME _Fu i oo TO0 rgdml o vy My e T T
AL TIVATE R
L3I0 B . LINE2ZR2LZY . 2 SCREEN _FLZIT I, L)
§a9G
650 BRB START UarRTARLES
S50 . i I )
6579 0 VEH' B VEMIOCLUL TMhKx
450 @ START._FILE:(3 R STARET FILT Nats
690 @ ——START_SFEC/A30000 1w SLUTL—LCHANNS L GAl
700 @ START (100072 (3 CURRENT s VOLTAGE, CURREMT, N
FM/.002y DATE,TIME
710G START_YEAR It) START DATE AHD TIME
720 @ START_MONTH 19
730 @ START.DAY {
- 740 @ START-_HOUR-- —- r
750 @ START_MIN @
750 @ START_SEC {2
770 @ N7 It} [NOEX
780 € LINE23R$(3) @ SUREEN POSITION, RELL
790
BUO0O BR@ ENGINE--VARIMGLES ——— 0
810
820 @ ENGINE(3) @ [AaTE AND TIHE ON/OFF
———830 1@ ENGINE=FLILE$ (i3 1t ENGINEETI T MaMe
B840
850 @ ENGINE_MONTH” (¢
850 @ —ENGINE=IIAY- 2
870 @ ENGINE_HOUFR* @
880 @ ENGINE_MIN- 2
—— 890 .. ——ENGINE_SEC- ()
900 @ LINE22ERS$(S) © SCREEN FQSITION, BRELL
?10
S —H20-0RP6 -DISFLAY—MVARLARLES
?30
940 @ DIS_DEVICESC(L) @ DISFLAY DEVICEy SCREEN QR FL
OTTER
930 @ DNIS_VEH' @ VEHICLE MNUMBER
60 0@ DIS_TEMF(26) e DISFLAY TEMFERATURES
~—980-@ - ~LINEZ2ORS (S )— @ JCREENFORITIONC RELL
90 @ LINE2QOCS$(S) @ SCREEN FOSITLINN, LINE ERASE

1000 @ CHAN'
10100 EIRSTMEL

e NISFLAY QUTFUT CHANNEL
Q@ EIRGT WEHTCL- Tl nrgu g

1020 @ LAST_VEHR'
1030 @ Ly M’

C LAST VEHICLE TO DIsSKrLay
o INDTCES
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UNCLASSIFIED 7 7 /B-1l =7/ 7~
L3d0 ¢ DI _DISws. L I FUNSSTBR TSR ST S B (RN T
L1030 @ QIS _FILE:(2.,- - [ — AL
ide0 @ DIS_DATELS (L2 12 DIZFLAY START DATE Lol
1370 @ DIS_DATEZECL 2D @ DUISFLAY ST TATE AN TIms
— o L0356 3. - DIS_DATESSO1dY 0 B DATE _ANDLIIME OF e AkDIHS

190 @ CONINTUES (1 19 DISK CONTINNATION “iin
Liog @ LINE_COUNT” i LIME COUHTEFR
t1id e DIS_COUFLE ¢m; —- - - —- B TFHERHGEDUF EES—TFR—5F L
ViZ0 2 La3T_risy & LAST Y VALUE FLOT n
1130 @ LAST. X &h @ LAST X VAILHE L7 -
1140 8. DIS_THE - - @ TEMEOQRARY UnRYIABL
1130 8 THERMDS 1 NUMRER OF THERmCCOUPLES T
pizrlay
115¢ @ CLOT.oDATE g _UATE _IN_DAYS
L1770 = FLOT_TING 8] TIME IN SEC0MNOs
BN EARNL ODis _ s5TARTOL00) ) QTART DAT: i'd (glsetar
1i79 @ DIS_ZMCINE Z _ W EMGINE QNS TIMES TDOU
TR
129

PRERERRER I
1220 20w
.. lIZo.eeEe

1240 @oRE

L0 EEECEEROGETZEEOCICIRRURCRREEr0REPRRRERERLEURERREERIABRRRE G

CARIAZLE DINEASIONING _AND _INITIALIZATTION

PRERRRRPRY. - — -
1269
1270 REE@ MAINLINE / GULIOEAL VAKRIARLES
1280 .
1290 IF RESTART” = 1 GOUTD 2171 164 I ABODRETED @ONT FEINITIALTY
£ VUARIARLES
1260 DISK_SIZE = 303000 - e — B OISK-CONIAINS 3031 G315
1310 ON_TEMF = 200
1320 QFF_.TEMF = =100

- 1230 ENGINEONI_= 0 2 ENOQIME IZ QFY
1340 BYTE_COUNT = 0
1250 AUTO_VEH = 2 @ AUTO S3TART VEHICLE MNUMEeS
13460 TEMF_FER’ -=-#l)—— e e B TIHE—IN-SEGONAS
1270 COMFRESS.TEMF = ,1 @ [IEGREES CELCIUS
1380 RESTART’ = 1

—-1390 - -
1400 DIM LINE21EB3:(3)
1410 DIM LINE2ICS(S)

1420 LINE21BsS{1)_=_CHRS(27) Q. ESCARL

1430 LINE2IRS(2) = CHR%(41)
1440 LINEZ21IE$(Z) = CHR3(ED) e rROW 21 + 31

..... 14SQ0_LINE2IES(d) = CHREI(ID: B COLUMM 1 + 2D .
1460 LINE21E3(5) = CHR$(7: e EELL
1470 LINE2ICE = LINEZ1IL

- 1480 LINERICH(S) ) —=_GHR3 1A £ JANE-ERASE
1490
1590 DISK$ = * ° n START WITH [DRIVE ‘R’

- =-1310 -DISKNAZ_=_0 @ DRIV a2 DISARLED
520 DISKEY = 0 @ WRIVE ‘&7 DISABLEL
1530 DIM NEW_DISKS(1)
1540
1550 @R@ TEMFERATURE VARIAEBLES

g 1560
: 1520 DI MINUS COEFE (S Q IrEE T IHERMOLOURLEC

1580 DIM FLUS_COEFF(S) @ TWY SETS OF COEFFICIENTS FO -
F
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1590 MINUS_COZFF ti = v AeCYE AHD BELYW RS
1500 MINUS_COCFF(2) =--2+.33273iE=2 -
i 1610 MINUE_COEFF(I) = -2,%378BE-4
1620 MINUS_COEFF(4) = ~-7,19438E£-19
o 183C-MINUS_COEFZ{Z) = =1 ,00419E=17

1540 FLUS_COEFF (1)
1650 FLUS_COEFF(2)
‘ 1660 FLUS_COEFF(3) -
| 1670 FLUS_COEFF(4)

3 S LI TR L I 1|

2.90613E-2

=45.19542=7

2,21316E-11

1580 FLUS_COEZF(S) -3.5500586-1
| 1499
| 170C¢ DIM VEHICLE’(4:2,24: @ 24 THERAOCOUFLES MAX FLF WE
| HICLE
; 1710 FOR I/ = 1.T0 1% @ iR _FIRST NLEX IS _VWEMIOLE iy
| ER
i 1729 UVEHICLE (1¢1,I7) = 10 @ SEIONDY 1 - LT - PH
LOMEL Ll
1710 VEHICLE (1,2:17) = I’ = 1
1740 NEXT I°
L1750 FOR.IZ = 14 T0.24. ...
1740 VEHICLE’(1+1,I%) = 10
1770 VEHICLE (1,2,17) = I°
1730 _MEXI_ I’
| 1790 FOR I’ = 1 TJ &
| 1800 UEHICLE’ (2/1,17) =
- 1310 VEHICLE (2,2, 10y = 17 4 24
1820 NEXT I’
1830 FOR I = 7 TO 20
1840 VEHICLE(2:1,1%) = 12
1850 VEHICLE’(2:2,07) = [’ - 7
1340 NEXT I°
~ 1870 -~ —VEHICLE HS+irir=12
1880 VEHICLE’(3,2s1)=14
18990 FOR 1=2 TO 14
— 1900 — - VEHICLE’(Z,1,1)312
1910 VEHICLE’ (Z:2+,1)=1+14
1920 NEXT I
1930 VEHIGLES(3 st rl? 3214 —me — -
1940 VEHICLE (3,2,17) 3¢
1950 FOR I’ = 1 T0 3
e 19480, _WEHICLEZ(4,1,1’) = 13
! 1970 VEHICLE (4,2,1) = I’
1980 NEXT I’
| . 1990 -
| 2000 DIM TEMF_FILES(7) @  FIRST CHARACTER IS U)sK, LA
ST
2010 —TJENMF_FILES - =" STEME @ IS VUEAICLS NUNMRES
| 2020
2030 DIM COUFLES’(S) @  NUMBER OF THFRMOCOUFLES ['ELR
———VEHICLE

2040 COUFLES (1) = 24
2050 COUFRLES’(2) = 2¢
—— 2060 _COUFLESZ(3) = 12

2070 COUFLES’(4) 8
2080 COUFLES’(5) 69
—2090.. -

2100 DIM NEW_TEMP(4,24)
2110 DIM OLD_TEMF(4,24)
2120 -DIM QUI _TEMEL243

r] LACST _TuQo 1acaTlad= FoR DAL

AND TIME

]
i
2130 DIM CJ_REF(5)
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? 7150 DIM LINEZ2IR3(3) — C e -
! 2120 LINE2IR3(1) = {HR$(27) v ESCaRE
\ 2170 LINE2ZE$(2) = CHR3(nl: v EALAL SIGH
l 2180 LINE23ES(I) = CHRS(SS: . . w  ROM_ 2T 4 It
‘ 2190 LIME23ES(4) = CHRE3(32) @ Dolume 1o+ 31
Y 2200 LINE2YES$(S) = CRR$(7} @  BELL
\ 2210 - T
. 2220 Q@R START UARIABLES
. 2230
| —— 2240 -DIM-STARTAL1000ZI B
i 2250 DI® START_SFES’ (3000
3 2245 FOR I° = 1 T2 2090 STEF 3
: 2270 STARTLSFES/(I’) = & . . . .
- 2220 NEXT 1~
- 2290
. L2300 DIM_STARTCELIeq2a
2210 START_FILES = * i97anT & FIRST CHAR I8 OISKe (A37 I3
VEHICLE
.. 2320 . . . -
2330 [IM LINE24AEL(S)
2340 LINEZ4ES$(1) = CHES$(I7) B ESCaFE
. 2350 LINE2453(2) = CHE$(:L2 p___EduAl SIGM
2360 LINEZ4&S(3) = CHR3(SE) @  ROW 23 + 31
s 2370 LINE24E$(4) = CHR$(I2) & COLUMN |+ 31
; 2380 LINE24B3(S)—=—CHR$(73— . _%__ RELI
2390
2400 @@@ ENGINE VARIARLES
24190
2420 DIM ENGINE(3) 1 - ON/ © - OFF, DAYE> TIME
2430
~.2440 DIM ENGINE_FILES(3Y -
2450 ENGINE_FILE$ = * IENGINE® @ FIRST CHAR IS DNISK DRIVE
2440
---2470 DIM_LINE22ES(5)
2480 LINE22E$(1) = CHR$(27) €  ESCAFE
2490 LINE22R$(2) = CHR$(41) @ EQUAL SIGN
2500 LINE22K$(3)-=-CHR${(53) - ———— @ ROW-224 31
2510 LINE22E$(4) = CHR$(32) @ COLUMN 1 + 31
2520 LINE22E$(S) = CHR$(7) @  EBELL
— 2530 —
2540 @R@ DISFLAY VARIABLES
25350
2560 DIM--LINE2OR3(S)
» 2570 DIM LINE20C3(S)
2580 LINE20E$(1) = CHR$(27) @ ESCAFE
Y 2520 _LINE20OBRS(2) = CHE4(41) 0 EQUAL SIGN
2600 LINE20ES(3) = CHR$(S1) @ ROW 20 + 31
2610 LINE20KS$(4) = CHR$(3I> @ COLUMN 1 + 31
~——2520_LINEZOBSLS) = CHR3(J: 8 BELL
2630 LINE20CS = LINE20E3
2640 LINE20C$(S) = CHR$(162) @ LINE ERASE

2630

2660 DIM DIS_TEMF(26)

2680 DIM DIS_DEVICES(1)
——2690 LIM-DISDISK$LLD

2700 D'IM DIS_FILES(3)

2710 DIM DIS_DATEL1$(12)

2220 LIM LIS DATED2$(10)

2730 [IM DIS_DATEI®C1D) -

2740 DIM CONTINUESC(LD)
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— e 2780-DIM-DES=RNRI NS

2790

2000 RRURREEREEEAER
@RRERARRARE - -

3010
3220

----3030 -
3040 QRPRCCELRPRPREBRREFRRERERLRAFCERNIINIIILAIBRBNAIZIHINEEET !

i

T
2780 DI LAST_Y(Hy o o - oo
-

DInM
pim

eee
GER
gea

UNCLASSIFIED

BTG DTEIRLI

LAET_x(4)
DIS_STAFTI16G0CE)

MAINL INE

geeereeee?

3050

3106 FNT 174 @ CLUAR Srwe -

3130 FRINT *COLD WEATHER STARTING TEIALS L[ATH ACIUTHIIIA Sy iTo~ &F

ARTEDI 23 —
J140 FTINME

3150

- 3160-R@R -THESE-VARIARLES-HUST- BE -REINIMITALIISA-LEgH sl

31790

2171 FPRIORITY 1 @ LOWEZST SRIGRITY

3172 _DSKRESET -
31732 OFENUW: 9 "$QT0:1* e FRINTER FORY

3174

3180 - TASK—2+—-6000s—2

el

3190 TASK 3, 8000, 2 @ ENGINE STARTING

ITY 2

@—-TEHRERATURE T ASH

ERICRITY

TASK

FRIJR

3200 TASK 4, 10000, 2 e ENGINE ON/OFF TASK:

b Ty 2

- —3210
OFF
3220

TEM

STA

F_FLAG’ -=-0 -

RT_VEH’ = 0

FREICKR.

@ TEMRERATURE_RECORIING TASK

3240
3250
3260
32790
3280

"
>
. —~--3230
\.
n.

L)Cn ——3290 -

; 3300
] 3310
3320
3330
3340

330

WAI
GO0s3

INF

T 1
UE 3350

Fl- @ FUNCTIOM KEY INFUT
IF F17 <> 1 GOTO 3340

—INF_EQL

INF F3~

IF F27 < 64 GOTO 3240

IF_F2. 3 84 G0TO_3340

GOTO 3380

FNT 7
WALT 1

3350
3370

BRAR RN A

3390

<~ % -" ..

3420

ELERES

ON

GOTO 32350

-3380 ON (F2L=-b63)—GOBUB-—34309-S5080+—4640+—41060»-3 850

(F2’ - 68) GOSUER 4270y 11000, 12000+ 15000,

3400 GOTO 3270
—3410_END

17000

3440 @ee

3450 @ee
344Q PP

3430 QRCRRPRPERCAELPRPFRRELRECLIECRPRRALELRRLERLPRRRUCRERAGRRRRRRRLPRRRPRE
. ReeeeeeeRRE

STOF OFERATION SURROUTINE
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3420
3490 CLOSE: § -« —o
sqoo STOF

S10 END

RIS
A W —

1530 Rreeeee GQ@@@@@@@@D@@DQ“(0[@@@@23@@@’779 REPEA I CRERRAMI FLLR
PPERRRREVGY
3540 ReE e .-
3550 @ee MENU SUBRCUTINE
3560 @R
e 3570 CRERCLPCERRLALLIPLACIRLRERIRRREEREFRI 2R ﬁr@@ﬂﬁnﬂmc PRGN
REBAREERREY
3589
3590 FNT 174 o= W L EAR_SOREEH
3800 FRINT
24610 FRINT
C3E20FRINT _TAZ(20 _“COLD WEATHEZ STARTINLG TRINE®
34630 FRINT

3640 FRINT TAB(L3Y *OFERATIUNS SENMU® TaZ(alis FTITAY »aLdT .
e 38S50_FRINT— .. \
3660 FRINT TAE(20) *Fi - SINF JPERATION®
3470 FRINT TAR(20) *F2  —  CHaN3E OSEALLT VALUES® o
___3480_FRINIL TAR:2Q0) *F3 - EAABLE DISK QuivES_ (DRIYES *% LToK3:
BYTE COUNT: '; srre_cuunr. ')
3690 FRINT TAK(20) °*F4 - TLRN TEMFERATURES ONJOFF (%3
— 3700 —— IF_TEMFoFLAG—= 1 JHEN -FRINT0ONI* ___ (30I{ 3224
3710 FRINT *OFF)*
3720 FRINT TAB(20) *F5 - TURN AUTO START ON/OFF ('3
3730 IF STARTVEH = AUTO_VEHZ THEM FRIMI *ON)* _GUTe I7S)
3740 FRINT *OFF)"
3750 FRINT TAE(20) *F& - TURM MANUAL START ON°
—~ 3760 FRINT TAR(20)—F7— = DISFLAT—TEMPERATURE TARLES
3770 FRINT TAE(20) *F8 - DISFLAY TEMFERATURE FLOTS®
3780 FRINT TAR(20) *F9 - TDISFLAY START FLOTS®
_ 3790 .FPRINT JAB(20)_*F10 - _DISFLAY EHGINE CM/OFS TIMES®
3800 FRINT LINE20C$;
3810
3820 RETURN — —— - —o . o N
3830 ENI -
3840 Y
- 3850-GRRRGRRRRRLLUREAGLAVYEEECERRRRRRRALURNCLQRRRRRERORRCRRLERGR NG 3
PRRRERRERE Ry
3860 eee 2
3870 BRB—AUTOSTART -ON/OFF -SUBROUFENE .
3880 eep &
3890 PRARREEERANEERRCACRRAREPCFERRRFPRRRRRREZACFRRERRRRARREGRE2RAACH
—  RREERERAW
3900 -
3910 @ SURROUTINE TURNS AUTOSTART ON QR OFF. DATA FOR ENGINE ST 3
——ARTS - :
3920 @ FERFORMEDR EY THE AUTOSTART MECHANISM WILL EE RECORDED WHEN P
ON * ’I
3930 ¢
3940 IF START_VEH’ = 0 GOTO 4040 -
3950 IF START_VEH’ = AUTO_.VEH’ GOTO 3990 L
3960 - FRINT—INE2LRSS "
3970 FRINT * %% AUTO_ON: START OFERATION ALREADY IN FROUGRESS
1°; TAB(&1)i FTIME w
1990 GOIN 4020 o
3990 PRINT LINE21ES: . . "
4000 FRINT * %% AUTO_.ON: AUTOSTART RECORDING OFF'i TAE(41 ”
UNCLASSIFIED A
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UNCLASSIFIED /B-16
)i FTIME ‘
4010 . _ . START_VER’_= ¢
2020 GATO 4070
4030

—--4940 STARTVEHL = _AUTOLVERS
4050 FRINT LINE21R$;
4960 FRINT * %% AUTO_ON: @UTOSTART RECURDING ON®: TeEiAL)i FIIME
4070 RETURN G e —
4080 END
4070
~-~4100 -RRARRRCRPARANEPRRLRLCERARIRLPLLILRRAVEICRRRLELEIIRE3IGIIRRLRE YLD
eRARREeRESR
4110 eee
4120 eee TEMFERATURE RECORDING ON/OFF _SUBRQUIINE
4139 eee
4140 CRRRACERERRERRERLVIMAANRARPERARNAUEBIIEZ IFEICPURRRQILP0RLRLILIRGCITE
BREERREREP _
4150
4100 IF TEMF_FLAG
- 4170 - TEMRLFLAG L =
4180 ACTIVATE 2 FE
TASK
4190 _ PRINT_LINE21EZSS
4200 FRINT * %% TEMF_0ON: TEMFERATURE RECORITINCG TAh STARTED®: 1
AR(S81) 5 FTIME
4210-G0T0 4250
4220 FRINT LINE21BRS:
4230 FRINT * %% TEMP_OFF: TEMFERATURE RECORDING TASK STOFFED®;
TAB(&1)5 FIINME
4240 TEMP_FLAG” = O
4250 RETURN
-—-4260 ENDb ————
4270
4280 PRPPRERLLPCRPPPLEPPRCRPRPECRCRLPRRLRRRERRRLLLILPRARANINRRARIRIRORARY
-..—RepRReEEEER
4290 @Ee
4300 eee MANUAL START SUEBRQUTINE
4310 @En
4320 CRECLRRPCRRRPLPLRRERRPERRPLRRANLERLLRCCLLRRRLRRANALRRERAAARFIRIRLPRRRRRE
eeEeeeeeee
— 4330 -
4340 @ SUBROUTINE TURNS MANUAL START ON. DATA FOR THE NEXT ENGI
NE START OF
4350 @ -—THE-SPECIFIED-VERICLE-IS—RECORDEL

I 6070 a2
B S
RIODD TEMF_FER’ 3 ATART TENFERATURE

4350
4370 ON ERROR 122y 4450
4330
4390 IF START_VEH’ = 0 GOTO 4430
4400 FRINT LINE21ES$;
- —-4410 ——FRINT—Hk—HANUAL —START—OF ERATIONALREADRY THRRABRESS LS —
TAR(61)i FTIME -
4420 GOTO 4580 :
——4430 — —FRINT-LINE21CSS i
4440 INFUT * X¥ MANUAL: ENTER VEMICLE NUMBER FOR MANUAL START: o,
* START_VEH’ <
- —4450 - GOT0-4480 '%
4450 FNT 7 g
4470 GOTO 4430 -
4480 IE_START _ULH/ . 0 _GQRTO 4540 .
4490 IF START_VEM’ > 4 GOTO 4540 - . - - :
4500 FRINT LINE21B$;
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A
)
) UNCLASSIFIED B
H 3510 FEINT ¢ % #adlfal:  MANLAL 3TArT QFKEATLUY & RTE
N S 0% TAB(AL) S FTIME ~ oo e _
. 4520 ACTIVATE 3

451 GOTO 4580

2540 e BRINT_LINEZ1ESS

4550 FRINT * &% ofaNUALS  TLLEGAL VENHICLE HURMSER!*S TAECLD)

i FTIME

4560 - START _WEH’ = § -

4520 OFF ERROR
— .. 48590 RETURN __— __

4600 END

4510

4400 ERURERABPRAFQCRERRAVRAAIRNIVCPRPRPRRLPRUEFNHRRNGHAURIARAREEAIEE 1R

eReEReeeeERe

1620 GRE

4540 BREO_ __DISK_INITIALLZATION SUBROUTIINE

r
s
EE
E 4570
'p.'_'_
2
:J

4850 eee

4660 EEEREERICEERIRPLEIAIFIIRRRRLPICRRERRRRRFREIRZUCRRERERELRFIE )
2 .. GeREeEeeEE —— — . R

4670

: 1460 @  SURROUTINE SET DISK FLAY 7O IMLICATE OISk IS REALY FOR USE.
M A3
. 4700 ON ERROR 122, 4730
4710
. 4720 .FRINT_LINE21CSi
4730 INFUT * %% DISK: ENTER DISK DRIVE (A/E): * NEW_DISKS
4740 GOTO 4780

4250 ENT_Z
4750 GOTO 472¢
4770
e 4 780 IF -NEW_DIISK$-=2A"-(GGTO-4930
4799 IF NEW_DISKS = *B®* GOTO 4330
43800 FRINT LINE2LIBS:
_..-4810 _FRINT_* %% DISK: ITLLEGAL DISK DRIVEr " TAB(A1)3 ETIME
43820 6072 S020
4830 IF DICK$ < *R* GOTO 4880
4840 - - -IF--DISKRL—< -~ 1-G0TQ0—48:30—
4850 FPRINT LINE21IES:
4860 FRINT * %% DISK:? QISK DRIVE ‘E‘Y STILL IN USE!*; T
—— AR(61)5 _ETINME
4870 GOT0 $9020
4830 DISKE” = 1
— 4890 -——————FRINT—LINE21RSS
4900 FRINT " %% DISKS! DISK DRIVE ‘B’ READY®*i TAR(&1): PTI
ME
-—4910— (0705020
4920
4930 IF DISKS <> *A*' GOTO 4980
——4940 -———————IF DI BNA -1 -50F 04980
4950 PRINT LINEQ2LDSS 3
49460 FRINT * xx DISK: DISK DRIVE ‘A’ STILL IN USE!'*; T y
. AB(61)i FTINE "
4970 GOTO S020 ’
4980 DISKA’ = 1
e A990 . FRINT LINEJLIRSS
5000 FRINT * xx DISK: DISK DRIVE ‘A’ READY®: TAR(&1)i FPTI
ME .
2010 [}
5020 OFF ERROR - e - :
3030 RETURN UNCLASSIFIED i
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5080 END
STV

SC30 ERRPRERRPRRCLLRCLPRERILRRRICLLARERRERERRYEIPRRREE IRERRARRNALCICA
eeeeeEeeeee

—S070_ERE

5080 eee CHANGE DEFAULT VALUES SUEBROUTINE
3090 @ee
G100 GRECLRERECRERRERIVPIRLEARBILERRRLRRAR(ERARRLRLRLELREARLALLAEALNRARE

eRerEeeeer
5110
- ——- 5120 -ON—ERROR 122,-5430

5130
35140 FRINT LINEZ2iC3:é
9150 FRINT " %% CHANGE: . OUISK SIZE! 5 -DISK.3ITHS

3180 INFUT °* ? * DISK.SIZE
5170
-.31E0 ON_ERROR_205, 3542¢C

5190 FRINT LINE21CS:

5200 FPRINT * ¥ CHANGE?! EMGINE Ol L - 0Ny ¢ = GFF I "0 [ INE_OM”
[ —] — e

9210 INFUT °* ? * ENGINE _OR’

3220

——--0230 .ON_ERROR 122, 54249

5240 PRINT LINE21C%;
S250 FRINT * X% CHANGE! AUTOSTART ENGINE ON TENFERATURE ' ON_TEM
Fio -

5260 INFUT ° ? " ON_TEMFP
3270
~e—S280_ERINI_LINE21CS

32590 FRINT * %% CHANGE:!: AUTOSTART ENGINE OFF TEMFERATURE $*3 QFF._T

EMF;
. -_5300 INFUT.'—_ 2 OFE.TEMNF
5310
5320 ON ERROR 205, 5430
5330 _ERINI_LINE21C$3
$340 FRINT ° %X CHANGE!: FERIOD BETWEEN TEMPERATURE READINGS: *3 TE
MF_FER’}
5350 INFUT *-——7—* TEMF_FER‘-—-
5340

5370 ON ERROR 122, 3430
—— 5380 FRINTLINEZ2ICS S

5390 FRINT * %k CHANGE! TEMFERATURE DIFFERENTIAL FOR LATA COMFRESS
ION: *+ COMFPRESS_TEMP:

- - —-5400 INFUT— 2 COMRRESS—TEMF
5410 GOTO 54830
5420

5430 _ERINT LINE21BS:

5440 FRINT * %% CHANGE: ILILEGAL INFUTy REENTER VALUES!®

3450 WAIT .S
— —-5460 . —G0T0-5140
9470

5480 OFF ERROR
— 5490_ACTIVATE 2 FERION TEMP _FER’

35500 RETURN
5310 END

5520

5530 QPRFPRACRPERERERRRARERANRERRERRCRARIRRRARRRRRRRALERRIRRRERRPRRRRRR
RGRERREEAREAE
S540_Q00

6000 @ee TEMFERATURE RECORDING TASK - - e S

6010 eee
UNCLASSIFIED
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~ UNCLASSIFIED /B-19
6020 QREFPCREINADIESIIUCIEARCTREEIBREINI I GRIEALEBTAND I VIR
QERRAREEEAE o R
6020
6040 IF TEMF_FLAS' = O THEN SUSFEMI SELF
5050 - - e
4060 @ INTIALIZE VARINEBLES
4070

6080 GDATE TEMF_MUNTH »-TEMP DAY LTl i Enhs -
$090 GTIME TEMFP_HUUR Y TEMF_MIN’, TEMF_SE-
5100 COMFRESS = ¢

- e 110
6120 @RE@ READ COLD JUNCTIGN REFERENCE THEHFERATURES
6130
6140 CJ_REFIL: = Alaild: 13, 20 . . -
4130 CJ_FEF(2) = AIN{1Gs Z1, 27
6180 CU_REF(3) = alw{l2, (.
L EI70.CURER(Ay = _AI2I12. 21 22
5180 CU_FLCF/S: = AIN{ls, 1% 2

4199
6200 P-READ-ALL-TEAPZRATURED - oo — .
6210
622¢ FOR I’ = 1t T3 4
— 5230 ELR_J7 = 1 T3 COUPITES (X
Y =

6240 NEW_TEXF Iy )7 ATNIVENICIE (I 7y 1y vy VEHICIE (I,
2y 4y )
6250 NHEXT -JZ
6280 NEXT I
6270
—A2280 @ FPERFORM CALCHLATIONS_TO CONVERT TO DEGRFES CENYIGRALE
6290

6300 FOR I’ = 1 TO S
- 6310- - CJ_REF({I3—= LLJ _REF{IL)—/-SE=F—= 2723151 % 39 47

6312 IF I’ <=2 GOTO 412¢
6320 NEXT I°
- ———6330
6340 FOR I’ =1 TO 4
6350 FOR J’ = 1 TO COUFLES‘(I")
6360 - - - IF -WEHICLE’(I’s 1y-J%)—>—10-6G0F0—6390— .
6370 CJI_NUM’ = 1 o
6380 GOTO 6440 o~
— 6390~ _— IF VEHICLEZ(I’, 1, _47) > 12 GOTQ 5420 N
6400 CJ_NUM’ = 1 -
6410 GOTO 6440 o
6420 —— IF VEHICLEZ(I 'y -1y—J2) <14 GOT0-6440 .
6430 CJ_NUM’ = 5 o
6440 IF VEHICLE’(I’, 2y J’) > 14 THEN CJ_NUM’ = CJ_NUM‘ + 1 r
6440 TME = NEM_TEME(I, _17) % 1Fs ¢ CJ RET(OS NUMZY \
6465 LET AA==1,0E-8%(CJ_REF(CJ_NUM’)) -
6470 IF NEW_TEMF(I’»J’) > AA GOTO 6500 :ﬁ
- - - -6480 - ——— NEW=FENF( I/ s —J L) = RO AT P M I NUS=C O ERF 41— i
6490 GOTO 6520
6500 NEW_TEMF(I’s J’) = FOLY(THP, PLUS_COEFF(1), &) v
4502 IF I’ <> 2 _GOIN_4520 o
6504  IF J’ <» 3 GOTO 6520 &
6506 IF NEW_TEMF(2,3) » 33,0 GOTO 6520 e
8508 _FRINTZL 9 _*AUT0 START WILL_START SOON _%x TIME 1S NOW taBTIM .‘{
E b
6509 PRINT: 9 -
4510 ERINT: © N
6511 FRINTS 9 - _ . ~
6520 IF COMFRESS = 1 GOTO 4540 Q

UNCLASSIFIED v
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TTT 7 77 77 UNCLASSIFIED — ) /B-20
85390 IF AES(OLD_TEMF(I yd ) - MEW_TEHF([ 03 = LOAFPSYSE_TE
MF THEN COMF&RESS - L .. e
6549 NEXT J°
655¢ NEXT I
e A5
6570
&350 IF COMPRESS = ¢ 30T0 7220
8570 N
4600 @R@ CHECK DISK SPACEs [F FULL CHECK QTHER DISK
6610
- 6620 IF_RYTE_COUNT 4+ COURLES (S) X 4 > 3 « DISK_SIZE GQTJ 200
6430 FRINT LINE22E%; .
6540 FRINT * % TEM®: ©TISK "% LISK%5 * Full"s Tadiél:i T1A4AZ o
AIT 1 — - S ——
5650 IF DISK% <> "A* GOTO 6680
5640 NISKA’ = ¢
L4470 . _B0T0_&8620
6630 DISKE’ = ¢
6670 DISKg = * *
8700 — IF_DISKA - 1 _GOTO_ 4730 ..
6710 DISK$ = *7°"
6720 GOTO 4890
G730 IF DISKE. <> 1 GOTO_ 4759
6746 DISKS = "R°
6750 GOTO 4800
6760 — — FRINTINERSESS
6770 FRINT * %% TEMF: NEW DISK REAUIREDR IMMEDIATELY!'!*; T
AR(41)5 FTIME
. 5730 WAIT-S
6750 GOTO 6700
6800 FRINT LINE23E$;
-6810 FRINT -* — kX —TEMFRS—DISK-DRIVE 3 —DBISKSS— NOW_REING-USEL'S
TAR(41); FTIME
6820 EYTE_COUNT = 0
. ~_-6830 .. _ ON_ERROR_212,_ 48870
6840 ISKRESET
6350 OFF ERROR
6860 G0TO 6890 B,
6870 WAIT .5
6880 GOTO 68490
e 6890 —
6900 FOR I’ =1 TO 4
6910 TEMF_FILE$(1) = DISKS
- 6920 ————FEMF=FILES(7?)—= STRE{IS
6930 ON ERROFR 12+ 6970
6940 DFENASY 2 TEMP_FILES
46950 OFF ERROR
6960 GOTO 7000
6970 WAIT .S
6980 - GOTO-6940
6990
7000 QUT..TEMF(COUFLES  (I/)+1)=TENF_YEAR " X10000+ TEMF_MONTH’X10
. __O+TEME_DAY”
7010 DUT_TEMF(COUFLES (I’ +2)=TCHF_HOUK ¥10000+TEMF _KIN X100+
TEMF_SEC”
. -7020 . __FORJA =31 TO _COUFLESZ (12
' 7030 OLD_TEMFCI’y J’) = NEW_TEMF(I’, J)
\ 7040 QUT_TEMF(J’) = NEW_TEMF(I’y J’)
2050 NEXI |/
s 7060 ON ERROR 44s 7090 -
7070 SAVE ARRAY: 2 QUT_TEMF(1)» COUFLES’(I‘) + 2
UNCLASSIFIED
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7050 GOTO 7159

7070 FRINTOLIWEZZES . ...
F100 FRINT * &% 7Znf!  QUT OF LISE SPaTE OH DRIVT 5 DISKS
11 %; TAR(1)5 FTIAME

e T30 CLBSEf 2
712G WAIT 1 o
7130 OFF E=ROR
71490 - GOTG 6630 — - —_—
7159 cLose: 2
7140 OFF ERROR

e 7170 __NEXY_ I .
7180
7190 BYTE_COUNT = BYTZ_CIINT ¢ COUFLES‘(S) % 4 + @
7200

7210 @@EQ [DISK SPACE WARNING CHECK

7220 IF BYTE_COUNT -~ 0TSW_STIIZZ — COUFLEZ‘(S5: % 4 + € GITQ 7240
L7230 . FPRINT_LINE2ZEZ;
7240 FRINT * %% TEZaT!  HEW LUSK REGUIRED IH JR{VE *5 [I6K$; THE(
41)5 FTIME
7250 _ o _
7260 @E@ CHECK AUTCSTART
7270 IF ENGINE_OM’ = 0 GUTd 7302

7280 IF NEW_TEMEAZ:3) - OFF_L1EMF_GOLC_7332 :
7282 ACTIVATE ¢ g,
7283 GATQ 73230 Yy
7290 GOT0-7340 :5
7300 IF NEW_TEMF(2,3) > ON_TEMF GOTO 7231 v
7302 ACTIVATE 4 e
2310 I1F START _VEH’ > GUTO_VEH’ GOI0 7340 1
7320 ACTIVATE 2 ’
7321 GOTO 73490 R

7330 _  _._. o
7331 AUTO_FLAG’ = 0 :{;
7332 ENGINE_FLAG' = © n

. 7340_DISMISE &)
7350 GOTO 6040 al
7360 END L4
7370 -— - S “
7380 PRREAC(RRREECCREPGRRACRERECCRLLRRRRALRAREAREERCEIERRICRAPRERERE Ny
PRRREERERE o

—__7390_pEE X
8000 @GP VEHICLE STARTIN3 DATA RECORDING TASK S

)
8010 ee@

——— 8020 RPEEEEEREREFPREEREARERAFFRHINACAPRCCRARCARCRRRARELARRNRARANARRRL %,
PPRRRRRERR e
8030 g

.~ B0AC_CGEE_INTIALIZE VARIARIES N
8050 o
8060 VEH’ = START_VEH’ @ START_VEM’ COULD GE e

— —J-RESET— »
8041 AUTO_FLAG’ = 1 i
8070 IF VEH’ = AUTO_VEH’ GOTC 8190 o
8072 IF—VEH.=1 50708110 o
8074 IF VEH’=3 GOTO 8140 ~
8090 FOR K’ = 2 TO 3000 STEF 12 >

8091 -START.SFEC 4K I=1D ~
8092 START_SFEC’(K‘+1) = 5 QF
8093 START_SFEC’ (K’+3)=11 A
83094 SIARI GEEC (K 443 = 0 -
8095 START_SFEC  (N'+8) = 10 :j
8096 START_SFEC'(N’+7) = 5 A
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UNCLASSIFIED /B-22 ~
8057 START_SFEC’ (' +91=:2 .
8093 ~START_SFLC (Witl103 =-0 .
3099 NEXT K* N
8100 GOTO 8200 -
8110 FOR—K‘ =_2 T0 300G ETEE 1Z )
8111 START_SFEC ' (K‘) = 4 X
8112 START_SFEC‘(K‘+!) = §
8113 -- START_SIEC Aht4I) =3
8114 START_SFEC (K‘+4) = ¢
8115 START_SFEC (XK’+6) = 4
.. 8116____ START_SFEC/(N/$+7: = &
8117 START_SFEC‘(K’+49) é )
8118 START_SFESC’(N‘+10; = ¢
8119 NEXT KZooo oo e
8120 GOTO 830¢
3140 FOR K’ = 2 70 3000 STEF 12
. 81491 ——— ___START_SFEC/(X’/J_=
81472 START_SFEC (K’+1: = §
8143 START_SFSL/ (K +2 = 3
38144 START_SEECLIK‘+d4)_= © _ ___
8145 START_SFEC’(K‘+3) = 7
8146 START_SFEC'(K’+7) = §
8147 START SFEC’/(K‘49) = §
8143 START_SFEC (K’+10) = 0
8149 NEXT K’
8130-G0OTO .8300
| 8190 FOR K’ = 2 TO 3000 STEF 12
\ 8200 START_SFEC’(K’) = 0
b 8210 START_SFEC/(K’41) =5
4 8220 START_SFEC/(K’+3) = 1
8230 START_SFEC (K’+4) = 0 1
28240 - .. .— START-SFECA4KLHPE)—=—0) {
8250 START_SFEC‘(K‘+7) = § o
8240 START_SFEC’(K’+9) = 2 <.
8270 . START_SFEC/(K’#10) =0 b
8280 NEXT K’ R
8290 -

kY

8300 -GDATE START-MONTHLrSTART=DEY-y —STARTFXEARS

8310 GTIME START_HOUR‘s START_MIN‘s START.SEL’ ;\
832¢ ~
- B8340_. -~
8380 ‘s
8390 @@@ READ [ATA o
.~ 8400 R
8420 FOR K’ = 1 TO 10000 STEF 1000 )
8430 SCAN (START_SFEC’ (1), 1000y .001S5) INTQ START(K’) Ky
8440 _NEXI-K~ v
8445 FOR I=1 TD 9997 STEF 4 o
Ba46 LET START(I)=START(I)%X24000 5
- 8447 - — L EF-BTARTA =5 TAR T I+ 11 %30 .
8448 LET START(I+2)=START(I+2)%24000 -
8449 LET START(I+2Z)=START(I+3)%187.5 Q.
— 8450 NEXT_I N
8460 %
8470 START(10001) = START_YEAR/%10000 + START_MONTH’X100 + ESTART_DA "
Y’ "
8480 START(10002) = START_HOUR’%10000 + START_MIN’%100 + START_SEC’ -
8490 )
3500 RRE DISK CHFECK =
8510 - - o
8520 IF EYTE_COUNT + 40008 - DLISK_SIZE GOTO B820 A
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8530 FRINT _IME24RES
3340 - FRINT © &% START: DTSR 25 OTERS T L FdliLrs Takiaiss i 1inl
WAIT 1
8355¢ IF DISKS <> "a® GUTO 8330
c—— 8550 — . DISKAZ-= 0 ——_. . _
B8I70 GOTY 8370
8380 QISKER’ = ¢
8590 - DISKhSg = ° > -
34600 IF DISKA® <» 1 GOT0O 8430
84619 DISKS = *f"
-34820 - —--GGTQ-870¢0-
8630 IF DI3RE” 00 1 GATO 8689
8540 LISKL = *E°"
84650 GOTO 870C _. . : e oo
2640 FRINT LIAEZ G
2470 TRINT " % 37aF7 3 NEW DISK REONUIRED IMMEDIATELY %3
TAE(S1); FPTIME e
8480 WalT 20
8490 GOTY CoQr
.. -.8700 . ... PRINT_LINE24L:; S
8710 FREINT * x¥ START: DISK DFIVE 5 DISKS: ¢ NJW EEING USEL*:
TAR(S1)i FTIME
8720 BYTE_COUNT = 2
8730 ON ERROR 212, €770
£74¢0 OSKRESET
8750 ——— —-0FF-ERROR ———— —— - — s
8760 GNTO 88Z¢C
8770 WAIT .S
2280 _G0I0N 8740
8790 TEMF_FILE$(1) = [IISK$
8800
-.— 8B1C @PR@ WRITE DAT&———— . . . !
8820 START_FILE$(1) = DIsNS
8830 START_FILE$(8) = STR3(VEH’) \
—---- 8840 ON_ERROKR_12,_.88380 . .
88350 OFENA! 3 START_FILES K
8840 OFF ERROR
8879 6070 8719 - - = - — ~
8880 WAIT .5
8890 GOTO 8850
——3900—
8910 ON ERROR 46» 8940
8920 SAVE ARRAY! 3 START(1)s 10002
— 8930 G0OT0-3980 -
8940 FRINT LINE24DS$)
8950 FRINT * xkx STARTS 0OUT OF DISK SPACE ON DIIRIVE *5 [DISKs: 0
— i TAB(A1)i FTIME
8960 WAIT 1
8970 GOTO 8350
—8980 CLOSE: 3
8990
9000 @RP DISK SFACE WARNING CHECK
— 9010

9020 BYTE_COUNT = BYTE_CODUNT + 40008
9030 IF BYTE_COUNT < DISK_SIZE - 400028 GATC 9070
————B040 —— FRINTFLINE24E S

i
:3

9050 FRINT * xx START! NEW DISK REQUIRED IN ORIVE *5 DISKS$; TAE
(61)i FTINME o
040

PP

9070 IF START_VEH’ <> AUTO_VEH’ THEN START_VEH® = 0
9080 SUSFEND SELF
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& 9099 GOTO BOSG
; 7100 END S
} $110
9100 PEREREELERLERRRAPRARPERERCRARPCAENREEIDCERER(R I ICERA RN DG EFE
PEORRRRRGER
9130 eee
4 10000 @@  ENGINE ON/OFF TASK
: 10010 - 00 B
r 10020 PEREREIGREARERERERERERERER0LEEERERRRANERERAERNERN2EERIDECNHR I
E P220REERERE
10021 ENGINE_FLAG/_ = 1
| 10040 GRE TOGGLE ENGINE_ON
\ 10050 IF ENGINE_ON’ = 1 GOTO 10080
; 10060  _ENGINE_ON' =.1. . . __
10070 GOTO 10100
E 10080 ENGINE_ON’ = ¢
' 16050
10100 IF ENGINE_ON’ = O GITO 19700
10110
- 10120 -0@2 CHECK -ENGUL—
10130 IF AIN(6r 15, 0) < I GOTO 10260
10140 GIATE ENGINE_MONTH’» ENGINE_DAY s EilGIHE_YEAK’
10150 _ GIIME ENGINE_HOUR’e ENGING MIN’, ENGINY SEC-
10160 ENGINE(2) = ENGINE_YEAR-$17000 + ZHGINE MOUIH’ X100 + EM
GINE_LAY"
10170 ENGINEL3Z) = ENGINE_HOUR -X10000 + CMGIME_AIN X100 & £uO:
NE_SEC”
10180 ENGINE(1) = 1
10190 GQT0_10320
10200 IF AIN(6y 15+ 0) > 1 GOTO 10260
10210 GUATE ENGINE_MONTH’, ENGINE_DAY’, ENGINE_YEAR’
- 10220 GV IME—ENGINE_MOURZ » ~ENGINE_MIN‘s ENGINE_SEC
10230 ENGINE(2) = ENGINE_YEAR'X10000 + ENGINE_MONTH'X100 + Ed
GINE_DAY’
——10240- _____,ENGINE_L_:‘)___ENGI,NE_HJU&_X1 SO00_ 3 ENGINE_MIN %100 -+ F4LT
NE_SEC"
10245  ENGINE(1)=0
10250 GOTO -10320 . :
10260 WAIT 1
10270 GOTG 10100
10280 .
10290
10300 @@® BISK CHECK
. 10310
10320 IF EYTE_COUNT + 12 < DISK_SIZE 6OTO 10600

,-.-.n v
h‘\" . e "J,-._

10330 FRINT LINER22BS$;

10340 FRINT * %% [HNGINES DISK 3 DISK$:_* Fultt*: TAR(L1Y: ETIM
E WAIT 1
10350 IF DISK$ <> *A* GOTO 10380

- —10360) - -— LISKAL—=0—
10270 GOTO 10390
10380 DISKE’ = 0

10390 DISK$ = * *
10400 IF DISKA’ <> 1 GOTO 10430
10410 ODISK$ = A"

—~— 10420 . G0TO-10300
10430 IF DISKRY <> 1 GOTO 16460
10440 DISKs = *B*
10459 G0I0 10500
104460 FRINT LINE22ERS% - .. ..
10470 FRINT * xx ENGINE NEW DNISK REQUIRED IMMEDIATELTY!!®
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g i TAR(sL1)i FTImE o
, 16430 . CWAIT 2 o e
; 19042¢ GOTa 13500
» 10569 FRINT LINE2ZES:
l 10510 FRINT KX ENSIHES - dEW DISK_LEQUIKED [ROULCATEL (0105 [f50 — -
. 61)5 FTIME X
- 10529 BYTE_COUNT = o .
o 10539 ON ERRDR 212, -10S7C — .
- 10840 DSKRESET K
- 10856 OFF ERRUE )
> - 10560 — - GOT0-10&00. . .
P 10570 WAIT .5
/ 10580 GOTC 13540
S 10596 : Rp—_— B —— —
2 10690  ENGINE_FILES(1 = 1 3nt
X 105619 0u RN
10420 DFEH nE_F L tEs . i}
10630
10540 GOTO 105830
10850 WAIT .o ... S
10560 60TQ 10420
10670
10682 CN_ERROR 46:_ 1321 .
10690 SAVE ARSAY!d E~CIME(1)s 3
10700 GOTO 16740
10710 — — FRINI-LINEQSRZS — . —
10720 CLOSE: 4
10720 FRINT * #¢ ENGINE: QUT OF DI3K SFACE ON DRIVE *5 LISKS$
e 1% TAB(A1)G ETIME
10740 Walt 1
10750 GOTO 10350 ,
--10760 - CLOSE:? 80— N
10770 CFF ERROK I
10780 3
.10790.@@%_LISK SEACE WARNING_CHECK i
10800 N
10810 BYTE_COUNT = BYTE.CQUNT 4 12 ~
10820 IF-RYTE.COUNT - DISK_SIZE——12 GOTO 10870 “
10820 FROINT LINEZTRSS »
10840 PRINT ' xx E4SIHE:  NEW DISK REQUIRED IN DRIVE *; ul -
— — SK$; -TAB(SI)i—FTINE— It
10850 "
19866 N,
- - 10870 -SUSFEND-SELF - - -
10320 GOTO 10050 !
10899 ENI N
10900 : .
11000 @REEHINEEERERARAIREEICRELRRRRALRLAAIIEICERELEICIRLREEACIIRBAREEY N
eeeeeEeeeeee N
- —11010 @EE— - — .
11020 GEE  TAKULAR TEMTCRATUSE DISFLAY SUBROUTINE -
11030 @ee -
11040 _QEERECERELRCALLRRRREARLLAPEERRRPLRELRPRHERPRRREREPRABRPAPALAN{ .
eeeeeeeereer .
11050 .
——— 11060 @RR-INITIALIZE-VARIARLES — :
11076
11080 CHAN’ = 1 :
11020 nrS It Fs 5 TEME FTiE2 .
11100 ] .
11110 @@@ INFUT CONTRKOL VARTAPLES ;
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11120 UNCLASSIFIED /B-26 -

11130 OM ERROR 122y Lill0 o :
11040 FRINT LINEZ20CSS

T Y YHEHEEY € %\ % v vyi s’

11150 INFUT * %% TEMFT: EMTER OUTRUT DEVICE ZUREIN QR FRICTER (5.7 @
. Y:_* DIS_DEVICES S - _ ‘
111560 FRINT LINE2GLS; “
11179 INFUT * %% TEMFT! ENTEX DI3* DFIVE (A/B): * DIS_DISKS :
11180 FRINT LINE20C33-——-o .
Y 11190 ON ERROR 205, 11320 ~3
11206 IMFUT * xx TEMFT: ENTER WEHICLE NUMEER (0 - F0OR ALLv3 * [IS. o4
' VEH' o -
11219 FRINT LINE20CS: ~
11220 ON ERROR 122, 11320 Ny,
11230 INFUT * %% TEMFT!_. ENTER STARTIHG UATE. {yYMMDDII_* DIS_DATits >
(1+4) Iy
11240 FRINT LINE2GCS: .
K 11250 INFUT *_¥x TZMFI: SNTER STARTING JTME_(q9aMS23( ¢ VIS N5TI1f -
(7+12)
11260 FRINT LINE20CS: -
. 11279 INFUT.*_XX_TEMFT:  ENTER_END DaTf (YYsMIUNMI * NIS JATEDS(1,e0 Vv
11280 FRINT LINE2OCS; ]
1129¢ INFUT * ¥% TEMFT: ENTER END TIAE (HHMASS): * JIS_LATE2$(7.12 N
)]
Jo- - C—_ P [ k)
11300 GOTO 11380 &
11210 L
11320 FRINT LINE20OR®: . . . ip,
11330 FRINT * %% TEMFT: ILLEGAL INPUT REENTER VALUES'*; TAB(61)i F :
TIME "
) 11340 _60I0- 11130 ~
. 11350 <
11340 @@@ LISAELE DISK
11370 N e _ A
: 11380 OFF ERROR '~
. 11290 IF DIS_DISK$ = *A* GOTO 11420 N
11400 . _DISKEZ =_0 ~
11410 GOTO 11440 N\
11420 DISKA’ = 0 N
11430 - e - - _
11440 DIS_FILE®(1) = DIS_IISKS N
: 11450 IF DIS_DEVICES = *F*' THEN CHAN' = 9 N
[ e 11860 S "
. 11470 @B@ SET LIMITES N
¥ 11480 <
11490 IF DIS._MEH/ <> 0-GOTI 11530 a
11500 FIRST_VEH’ = 1
11510 LAST_VEH" = 4 N
. -11520 60TQ_11590_ ™
11530 FIRST.VEH’ = DTS._VEN’ -
11540 LAST_VEH = DIS_VEH b
. — 11550 o &5
, 11560
J 11570 @@2 FFINT HEADING b
. 11530 — - . '
. 11590 IF DJS_DEVICES <= *F* ENT 174 ;
11600 FRINT: CHAN’ TAB(27)i ‘THERMOCOUFPLE TEMFERATURES® <
11610 FRINT! CHANZ—* QDATE TIME_UEH®, N
11620 FOR L’ =1 T 24 fo
11630 IF L’ <> 17 5070 11659 .
y 14640 IFE DIS DEVICES - o “RIMT ® '3 .f%
' 11650 FRINT USING: CHAN'  * —#%¢* L ’; - "
11640 NEXT L’ ”
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/B-27
11570 PRINTY CHAN'
11880 LINE_CIOUNT - =2 3 e - et - J—
11670
11700 PRR® uyfrzZN FILES
OIS B 172 () s — —_—
11720 OM ERROR 12 11770
11739 FOR L7 = FIRST_YEH" TO LAST_YgH-
11740 DIS_FILES(7) .= GTR$(LD)
11739 QFENFR: 4 + 7 DIS_FILES
11769 GOTO 1i7vG
S A J— WALl .1
117€0 GOTO 1200
117%¢ NEXT L~
11300 0OF: ERROR - -
112310
1132¢ @EEE READ FILE aAND FRINT (MPFTROTIFS S
11830 . e I L
115840 0OMN ZFAROR 113y 12020
11220 FCrx 0o = FIRST_VEHT TO LASTViEH
11350 e LCARUSARRATS 4 B L DIS_TEHMF (15 COURLI G2y b —
11370 DIS_DATE3$( L6 = STRS(DIS_TIMFCCOUR 27y & 10
11380 DIS_TDATEZS«7:12) = *Q20000"
11890 L M = LEN(STES(DIS TEME(COUAL S L) + 2200
119090 DIS_DATESS(L3-M 912 = STIRI QIS_TEMPOOOUFLES ol 2 + 200
119190 IF DIS_DATE3S < DIZ_DATETE AT 1.ugo0
11920 — . IF-DIS_DATEIS - _NIS_NATE2S . GO0TO121EQ
11930 FRINT: CHAN’ DIS_DATE33(1,4)5 * *; DIS_DATE3$(7,12)
3" 'y L
119490 FOR M’ = 1 10 COURILES” ¢ )
11950 IF M’ <= 17 GOTO 119357
11956 IF DIS_LEVICES « °*F* FRINT: CHaANl .
.; ________ —

11957 IF DIS_TEMF(M') <« -992 GOTO 11977
11958 IF DIS_TEMF(M’) > 99 GOTO 11977

DIS_TENF(M ) -

- —11961- I DIS_TEMR(HLY = O GOTO0 11970
11942 FRINT USING: CHAN’ * -#3°
T
11963 - --—-—GOTO0 11980 - ————

11970 FRINT USING: CHAN’ * -§%°
oS

— 11972 60T70-.11980

DIS_TENFim’ ) +

11977 FRINTICHAN’ ° X%XX°'j

——312050 NEXT-L+

11980 NEXT M~
11990 — - ———— FRINT.! CHAN’
120090 IF DIS_DEVICES = *"F* GOTD 12050
12010 LINZ_COUNT’ = LINE_COUNT’ + 2
-——12020 IF _LINE_COUNT/_ - 24 _(G0I0_12050
12040 INFUT * %% TARLE: HIT RETURM FOR MORE: " CON
TINUES

12¢60 GOTO 11850
12070
— 12080 _FERINT LINE20BS$;

12090 FRINT * x% TEMFT! END OF FILE ENCOUNTERELD!*;
12100

-—12110 IF_DIS.DISKS$ =_[NISKsa G070 12180

TaR(61)+ FTIME

12120 CONTINUES = * °*
12130 WAIT .3
12140 FRIDT L INEFOOCS

NTINUES
UNCLASSIFIED

12139 INFUT " xx TEMFT: ENTER ‘C’ TO CONTINUE.-WITH NEW DISN: * CO
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UNCLASSIFIED

12160
12170 . S

12180 OFF ERROR
12170
— 12200 FOR-LL = FIRST_VEH'_T0O _LAST_VEH'

12210 F‘OSE: 4 4+ L7
12220 NEXT L°
12230 - e .

12240 IF CONTINUE$ = *C* GOTO 117290
12250 RETURN
- 12260 END

12000 CRRPCPELERLLERPIPRERIRRERCRALLRRLEREEENBZUALEFIVAERIICRRLRERREARMAE
PRERREEERAR
13010 GEe - oen —————— - -

=

13020 PEE  GRAFHIC TEMFERATURE Di37Lay SUBROUTINE
030 0@B
=~4n PRECREECRERCRERRAEERRREURIPELCRERRYAUSE IR CI I R PUEEAALEAN

u"ﬁﬂeﬂ@@@@@
050
1?001 @RR -REQUEST FLOTTING LEVICZ ..

13052
12052 FLOTTERE = *¢*
13054 FRIMNT_LINE20CS:

13055 INFUT " #®%x FLOTT: SELECT SCREEN OR FLOTTER (&/F): * FLIOTTIER

$
13056  — ———— =
13060 CER INITIALIZE GRAFHICS
13070
—3 3074 IF FLOTTERS <2 2R G010 132080
13072 GRAFHICS Si191
13073 GOTO 13093
13080 GRAFHICS -4 -
13090 cLE 4

13095 COLOR 7
13100 WINDOW L 80y _C. B8O

13110 HFRINT 30» 76y °*THERMOCOQUFLE TEMFERATURES®
13120 VFRINT 3, 20, *UESREES (CELCIUS)®
13130 WINDOW -~10+--100s-—30s-150

13140 HAXISFKF -30» 10
13150 VAXIS 0s 10
- -13160 FOR- ~30-TO-130-STEEO

13170 HFRINT -5, L’ - 2y STREI{L")
13180 NEXT L’
13190 -—HFRINT—43+=-45, 7 [ME L5

13200 FOR I’=10 TO 100 STEF 10
13219 HERINT [-2,-35,8TR$(1)
—13220 . _NEXT_TI“

13280
13290 ON ERROR 122, 13530
13300 FRINT-LINE20CSES——

13310 INFUT * %% FLOTT: ENTER UISK LRIVE (aAa/E)t ¢ IS _DISks
13320 FRINT LINE20CSs
~12330_ON_ERROR_205, 133530

13340 IMFUT * %% FLOTT: ENTER VEHICLE NUMEER (1-4): * UIS_VEH'
13350 FRINT LINE20CHSS
13360 ON ERROR--1223+.-1353¢C

13370 INFUT * xx FLOTT: ENTER STARTING DATE (YYMMOI): * LIS_DATELS
(1+4)
—1J3380 _FRINT LINED2QCYS

D
{
)
N

13390 INFUT * %xx FLOTT! ENTER STARTING TIME (HHMMSS): * UIS.DATELS
(7912)
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13400 PRINT LIJE20CH;

13410 [WFUT " &4 FLOTT: LOTER ENL DATE _{£YmdlDii—® U1 6822 i

13420 FRINT LIMEZOCSS

13439 INFUT * xk FLOTT: EMTER &MD TIAE (HEHNMSS:: " DIGS_TATHEIS 172
- ) o . . A .
13440 FRINT LIMEZQCSs
13450 0OM ERRQOR 2035, 13330
134460 INFUT ' %% FLOTT! -ENTER NUMBER—OF—THEMOCOUFLES—T—FL 0T 5—i1&
X): * THERMCS-
13470 FOR L’ = 1 TO THERHOS'

'
.
.
-
.
a
-
»
»

13480 (— FRINT.LINE2CCY S
13490 IMFUT ° %% FLOTT! ENTER THERMOCQUFLE NUMEBER! *  DIS_COUFL
E/CL

13300 NEXT L7 -
13510 GOTO 13590
13529
1Z03CFRINT LINE20OES: _ . _ _ ___. o
13540 FRINT * %t FLOTTS TLLEGAL INFUT BZEHNTER YALYESH*S TaL -1)s ¢
TIME

~ - 12330 GOTO0-.13290 ... .. - . .
135350
13570 @GR LISARLE DISK
1388¢ . . _
13590 0OFF ERROK
13600 IF DIS_DOISK$ = *"A" GOTO 136390
12510 — DIGKRL: = Qo ..
13620 GOTO 13640

|
:
J
:
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!
i
.
;
{
}
E
-
;
;
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134630 nIska’s = ¢
——13640_DISELAY_ O
13650

13660 DIS_FILES = TEMF_FILES$
——-1384) DIS_FILE${(1)—= DIS_OISNE _ _ _

13670

12680 @@2 FRINT VEMICLE [AaTaH
- 13690 —

13700 WINNOW 0, EQ» 0. 80

13710 COLOK 7

13720 HFRINT DIS_VEH'—% -18- -

Sy FIeBTRBLTS 2VEHLD &
13730 HFRINT DIS_VEH’ X 13 - %, 73, DI5_NATEL3(1s4) v
13740 HFRINT DIS_VEH’ X 18 - S+ 70 BIS. DATE25(1-8) H
— 13750 HFRINT_DIS_VEHZ X 13 _4_2,_ 73, DIS DATE1E(7 1) 3
13760 HFRINT DIS_VEH’ % 18 + 2y 70y DIS_DATE2$(7412) :1
13770 FOR L’ = 1 TGO THERMOS” N
—.-13780 —_COLOR—L~ .
13790 HFRINT DIS_VEH’ % 18 =~ 12 + 3 %X L'y 47, STRE(OIS_COUPLE " (L ”
7)) s
. 13800 _NEXT_L' Iy
. 13310 COLOK 7 4
13850 G
--—13359 — - -- v
13860 @R@ OFEN FILE s
13370 CONTINUES= * * w
e 13871_CONTINUES _=_"_¢ 5
13880 ON ERROR 12, 13920
13890 DIS_FILES(7) = STR$(LIIS_VER’) “
— 13900 - OFENRSI-_S—DIG.FILES :
13901 EOF’ = 0
13902 NFTSY = 0 -
11902 18 COMYIINME®:- s, HPTS/ =THELMOATS XD 4
13910 GOTO 13940 - "
13920 WAIT .1 N
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UNCLASSIFIED /B-30
13739 GOTO 13990
13940 GFF ERRORK s —
13950

13250 @2C@ READ FILE ANO FLAT TEMFERAIURES
— 13970 FPLOT-TIME = VALS(DIS _DATELS (1L, 220 ¢ UALS(DIC DATELS(2,100)

K 60 + VALSC(DIS_DATEL1$(7+8)) % T400
12980 FLOT.DATE = VALS(DIS_DATEL3(S,46)) + VALS(DIS_ DaTE!3(3.4)) % 3
0 -

139290 DIS.TMF = VALS(DIS_DATEZ${11,12)) + VALSC(LIS_DATEZS “-103) &
60 + VALS(DIS_DATEZ$(7,8)) % 3500 - PLOT_TIME

- -.14000 DIS_THF = OIS _THME 4 (UALS(UIS _DATE2S(T.53) = VAl SIS DA S0
3,4)) x 30 - FLOT_DATE) X 8440¢C
14010 WINDOW DIS_TMF / 100 % -10, DIS_THF, -850, 130
14020 IF FLOTTERS <= -°F* DISFLAY 3- -
14020
14040 ON ERROR 113, 14193
-14050 — _LOAD-ARRAY:_S_DIS_TEMELLI)S COURLESA{OIS UER?Y 2 T
14060 DIS_DATEZE(1s4) = STRI(DIS_TEAF(COUFLEI (OIS VEITY + 100
14070 DIS_DATE3S(7»12) = °0ICGC00"
14080 --M = LEN(STR3(DIS_TEMF(COUFLESZ(DISNER ) & 20 2
14090 DIS_DATE3$(13-M’+12) = STRE(NIS.TEAF(COUFLES (D[22 VEH ) +
2))
14100 IF _DIS_DATE3S _{_DIS_DATELl$ _ 50T0 14950
14101 IF RIS_DATE3S » DIS_DATE2¢ GOTO 1420:
14110 FOR L’ = 1 TO THERMOS” % 2 STEF 2
14190 —— —— HIS_STARTANFRIS+L ) =VALS( D3 DATEI S L1101 2 4 VALSL D] S UA
TE3I$(2,10))%604VALS(DIS_DATE3I$(7,8))%3600-FLOT_TINE
14150 DIS_START(NFTS‘+L’)=DIS_START(NFTS '+L )+ (VALS(DIS_DATED
e 3 LS6IIHVALS(DIS _DATEZ$ (35420301 0T DLATE)IXB8AJ00
14160 DIS_START(NFTS‘+L‘+1) = DIS_TEMF(DIS_COQUFLE ((L"+1)/2))
14180 NEXT L~
-——14181 - -NFTS" =-—NFIS—4—FHERNOSE —x)—-2
14190 IF NFTS’ < 10000 - THERMOS’ x 2 GOTO 14030
14191 GOTO 14201
-—--14192
14195 EOF’ = 1
14196
14,00 - - -

2 % N N
il eloccoel ol il

142C0: FOR L’ = 1 TO THERMOS” x 2 STEF 2
14202 MOVE DIS_START(L’)sDIS_START(L'+1)
——314203 . —LCOLOR (4 141) L2

."f‘-‘.i'

14204 FOR M’ = L’ + THERMOS’X2 TD NFTS’ STEF THERMOS’ % 2 ,ﬁ

14205 FLOT DIS_START(M’), DIS_START(M’' + 1) \j

- 14206 ——NEXT-M* .

14207 NEXT L’ -

14208 ;

o —— 14209 FOR—4L =1 TO THERMOS % 2 A

14210  [IS_START(L’)=DIS_START(NFTS’-THERMOS‘X2+L") n

14212 NEXT L~ -

.- 14213 IF DIS-DATE3$—>-DIS_DATE2$--GOTO—14350 <
14214 IF EOF’ <> 1 GOTO 14050

14215 &

14220 WAIT. 2 . ol

14230 DISFLAY O <

14740 FRINT LINE20KS; }

14250 FRINT - X% FLOTI:  END OF FILE ENCOUNTEREDI®; TaB(AL): FTIME w

14260 A

14270 IF DIS_DISK$ = DISK$ GOTO 14350 <

14280 CONITINUES =~ ° . *d

14290 WAIT 3 - S — N

€ SF |.¢

14300 DISFLAY © UNCLASSIFIED :
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UNCLASSIFIED /B-31
1470 CLOSE! &
14310 FRINT LINEZOCS: - .o .
14320 IBFUT ¢ s% PLDTT!  ERTEN 0 TO CONTIANLE WITH NEW afSh: *
CONTINUES
14330 .. IF.CONTINUES =_*C' 3074 14400
14331 GOTO 14355
14349
14359 CLOSE: 5 - ——-- o —— - . -
14355 FRINT LINEZOCS:
14360 WAIT 2
- 214370 —— HISFLAT-0— N
14330 IHFUT * %« FLOTT: ENTER ‘U’ TO CONTINUE WIiTK ANDTHER VEMI
CLE: * CONTINUES
14390 . L —
14400 OFF ERROR
14410
14420 -

19430 IF CDNTIVUES
14430 IF COTIMUES
.- 14450 [ - [
14450 IF FLOTTERS = *r* GOTO 14 29
144461 DISFLAY O WAIT 2
.. —1447C FRINT_LINEQCC%:S
14480 FRINT * &% FLCTT: HI'7 RETURN TO CLEA&R FLOT®) TAR 41,3 FPTIME
14490 WAIT 2
14500-DISFLAY-4 -
14510 INFUT "' CONTINUES
4520 DISFLAY O
— 143530
14540 RETURN
4350 END
.~ - 15000 CRRPRRRPRFERRERRRGFRLRIALIIARRACRRRACEAURKAGRAGANLIEGI3AREREQy
ERRRREPEREERR
15010 @ee
. _.15020_RPP_ _START DATA _NISFlAY SUEROUTINE
15030 @eee
15040 RREERERRRIERCLARRRARRPR(ICNEFERRCRAREECERRRRARARARERRLRERDRRRRRER
PRREERERRRRRL - —
15050
15051 @RRP REQUEST FLOTTING DEVICE
150352
15053 FLOTTERS = *9°
15054 FPRINT LINE20CS;

"C* £uTd 132380
U GOTO 131330

noH

15055 INFUT—* %X FLO0TT-+-—SELECT-SCREEN OR—FLOTTE
$
15056 FRINT LINE20CS: ':
15057 _INPUT * ¥Xx PIOTT: FENIER REM GAINS °  SGAIN -
15058 Q
15060 @E@ INITIALIZE GRAFHICS g
- —15070 - 5
15071 IF FLOTTERS «> *'F* GOTO 15080
15072 GRAFHICS Ss1s1 5
— _15073_G0T0--1509S u
15080 GRAFHICS 4 R
15090 CLS 4 o
15095 COLOK—7 -
15100 WINDOW Oy 80y Or BO -
15110 HPRINT 35, 7?7+ °*START [ATA®
_1€490 MERINMI 270, 1, *TIME (SECONDSALE Q
15130 COLOR 1 - .
15140 VFRINT 80, 36 °*VOLTHGE (Y)* v
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151390 caLgs
153160 VPRINT 2+ By *CURRENT )

2 0 TN 0 N LU B9 e b

/B-32

15170 COLGF 3
15180 UFRINT 3, 37: *ENGINE STEED (REH*
= 15190-COLOR F— ——

15200 WINDOW -2.3y 2145 =202, 14600
15210 HAXISF 0, 2
15220 YAXISF Oy 100 e

13230 FOR L’ = 0 TO 1500 ETEF 100
5240 HFRINT -1,2%y L7 - 20y STR$(L")
-—- 15250 NEXT_ L~

15260 FOR L’ = 0 TO 20 STEF 2
15270 HFRINT L’ - .28y -80s STR$7L )
15280 NEXT L~ e e -

5290 WINDOW -2.S5, 21.5, -4y 32
15300 VAXISF 20, &
10310 EdR L2 0. 70 32_STEE S

15320 HFERINT 20.a0 L2 - .35 STRS(OL
15320 NEXT L
153340 - 0 —— D U -
13350 8@R@ INFUT CONTRUOL “ARIABLES
15350

. 15370 _DIS_FILES = SYARTI_SILE:
153380

15390 ON ERROR 122, 19520
15400 -FRINT LINEZOCS: NS

15410 INFUT * %% STARTF! ENTER DISK [RIVE (A/B)! * DIS.

15420 FRINT LINE20C3:
—-—.15430_0ON_ERROR 205y 15520

UISKS

15440 INFUT * %xx STARTF: ENTER VEHICLE NUMBER {(1-4): °
15450 FRINT LINE20CSS
15460 ON ERROR 122»-13530

UiS_VEH’

15470 INFUT * *x STARTF: ENTER STARTING DATE (YYMMDI):
$(1+6)
—- 13480 -FRINT-_LINEZ20OCS:

* DIS_DATEL

15490 INFUT * %X STARTF: ENTER STARTING TIME (HHMM3S):
$(7,12)
15500 GOTO 15560 —— —— - ———

" DIS_DATEL

15510
15520 PRINT LINE20ES

— 13520 FRINT. = Xx STARTE: ILLEGAL INPUT REENTER UALUFS!*: TARCA1)S

FTIME
15540 GOTO 15490

- 135350 -
13560 @@CE@ DISARLE DISK
15570

SSB80 OFF_ERROR

15390 IF DIS_LISK$ = "A* (OTO 15620

15600 DISKE’ = 0
-——15610 GOTO-15640—
15620 DISKA® = 0
15630
~—15640 DIS_FILESs(1) = pJIS _DISKS
15650
15660 @GRE FRINT VEHICLE DATA
—138670 —

15680 WINDOW 0, BO» 0y 80
15690 COLOR 7
S200 HERINT DIS UEHMZ ¥ 14 - ¢, 74, SIRG(NIS _UEH’)

R Pl L P oA ) [Or TS W W N, ) sl ldiadindndioal” .

15760 -
15770 RRE QFEN FILE
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\ 15739
N - 15790 ON ERRGR 17+--15830 - oo — -
2 15899 Di5._FILES(3) = :Tuxlnx' VEH
o 15810 OFENR: & DiS_FILLE%
: 15820 GOTO0-15G70- e o
15820 FRINT LINE20FS:
1584¢ FRINT * XX STARTF:  STANT FILE M0T FOUND!I®s Tal(slis PTIIME
“ 15350 - GOTO 14200 - - .
15860
8 15879 @ER READ FILE AND FLOT DATA
* - —-13588¢C —
! 158390 IF FLOTTERS <> *F* DIZFLAY 4
15700
! 15910 ON ERROR 113, 15130 B
2 15920 LOAD ARRAY!: S DIJ_CTHFT’.)r 1000:
- 15930 DIS_UA”E $(1,4% = STRI(UIS_START 10001 +)
§ 15940 . DIS_DATEZSLZ:12. = 2000000 .
S 15950 H' = LENESTRS (DIE_START(10002)))
15950 DIS_DATEIB(13-%"+12) = SYFES(MIS_START(IOLCDM
! 15941 _ _IF_DIS_DATE3S .- iE-hu*ElS GOT3_159248
L 15962 HERINT DIS_VEH’ X% 14 - 4.5, 74, DIS_LATEIS(1so
o 15963 HIFRINT DIS_VEH’ % 14 + 2, 72, DIZS_DATCIR(7+40
) 15970 __ __ _ COLOR__1 i
~ 15980 WINDOW -2.5, 21.5, -4, 1u
P 15990 MOVE 00
® 16000 ———— _FOR_L‘-=_2_T0D-10000_STER 4
' 16010 FLOT L’ X .002, DIS_START(L")
T 16020 NEXT L’
: e 14030 WINDOW.-=2.5s_-21.5s =200, 1600

146042 COLOR 2
16043 MOVE 0,¢
--—- 16044 FOR L= -1-T0-10Q00-STEF -2—

16045 FLOT L’ % ,002y DIS_START(L’)
160464 NEXT L
-_..16080 ._COLOR Z v

16082 MOVE 0,0
16084 FOR L’= 4 TO 10000 STEF 4
16086 FLOT-LZ-%-,002, DIG_STARILALL)X-SGATN—
16088 NEXT L~
16110 GOTO 146180
—16120 — -
16130 WAIT 2
16140 DISFLAY O
16150 FRINT-LINE20ERS: -
16160 FRINT * x% STARTF: END OF FILE ENCOUNTERED!*'F TAE(é1)% FTIME
16170
——146180_CLOSEZ S
16190
16200 OFF ERROR
——16210 -WAITF-1
16220 DISFLAY O
16230 FRINT LINE20CS;

—— T
A ey
PSR S SR

. .‘;l
& o 16240_INFUT_* x%x_STARTF: _ENTER C’ I0 CONTINUF WITH ANOTHE! STARTI 'y
» . -_'
o CONTINUES 3
” 16250 IF CONTINUES = °*C* GOTO 15400 N
- N
A 16270 IF FLOTTERS = °F* GOTO 16320 N
: 16271 FRINT LINE20C$;
. 1A130_E‘F'INT s ¥ CTARTE HIT EETHAEN I0 CLEAR PLOT s TAaR(213)4 ETIME :
* 16290 WAIT 2 . :
16300 DISFLAY 4 3
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N 16310 INFUT ** CONTINUES -
A 14320 DISFLAY O - .
] 16330
‘ 15340 RETURN
—— 15350 -END
17000 @RRREEER2R2IRIREEEERALRRCEELLRERERALPRRELEARRACFIRTINRFETIVA)
GRERREEERAR
17010 eee -

17020 e@ee ENGINE ON/OFF DRIUISFLAY SURROUTINE
1703C QGRRRRRRILRLRARCLLLLLLLRELANRIIGRACELERIRARAARLLARRLALRRRELRREAIIICE
- —iEeepeeereee
17040
17050 ReEe INFUT CONTROL VARIAELES
17080 R —
17070 FRINT LINE”OC’
17980 INFUT * Xk ENGIMET! ENTER OUTFUT DEVICE. SCREEN OR FRINTER
S/ZF) L _DIS_DEVICES.
17090 FRINT LINE20LCS
17100 INFUT * %xx ENGIMET: ENTER DISK DRIVE (asly: * DIS_DIGLS
17110 e e
17120 CHAN' = 1
17130 IF DIS_DEVICES$ = *F°* THEN CHAN' = 9
_..17140
17150 R@E FRINT HEADING
17160
17170 - IF-DIS-DEVICES 2P _FNT 1724
17190 FRINT: CHAN’
17200 FRINT: CHAN’ TAR(18) *ENGINE ON/OFF TIMES °*
17220
17230 @GR DFEN FILE
17240
--17250 DIS_FILES -=—ENGINE-FILES
17260 DIS_FILE$(1) = DIS_DISKS
17270 ON ERROR 12, 17200
17280 __ QFENRI_S. . _DIS_ FILEs
17290 GOTO 173350

'y B P A EE ¢ SR OO AR A A A

17300 WAIT .1
17310 GOTO-17280 — -
17320
17230 @@R READ FILE AND PRINT TINES
17340
17350 ON EKROR 113, 17440
17360 LOAD ARRAY: S5 DLIS_ENGINE(1), 3
217370 — —IFDIS_ENGINELL)Y =_0 GAT 12410
17380 FRINT: CHAN b
17390 FRINT! CHAN’ TAB(18) DIS_ENGINE(2)sDIS_ENGINE(Z)y*ON"® j
17395 _PRINT. CHAN’ 4
17400 GOTO 173640 .
17410 FRINT: CHAN’ TAK(18) DIS_ENGINE(2)»DIS_ENGINE(3), *0OFF" N
1 741G — -FRINTI—CHAN .
17420 GOTO 17340 .
17430 .
17440 CLOSE:_S .
17450 .
17460 RETURN .
17470 END — '

— . - - - .. - —
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Table C- 6
Figure C- 6
7

7

8

8

9

9

Table C-
Figure C-

Table C-
Figure C-

Table C-
Figure C-

Table C-10
Figure C-10

Figure C- 11
Figure C-12
Figure C-13
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INDEX FOR ANNEX C

Legend for Annex C Temperature Data

Temperature Data from Vehicle Heated with
Hot Air and Heater Exhaust

....................................

Date Time Date Time
840124 130000 840125 130000
840124 130000 840125 130000
840125 110000 840126 110000
840125 110000 840126 110000
840126 110000 840127 110000
840126 110000 840127 110000
840127 103000 840128 103000
840127 103000 840128 103000
840128 103000 840129 103000
840128 103000 840129 103000
840129 103000 840130 103000
840129 103000 840130 103000
840130 123000 840131 123000
840130 123000 840131 123000
840131 080000 840201 080000
840131 080000 840201 080000
840201 083000 840202 083000
840201 083000 840202 083000
840202 092000 840203 092000
840202 092000 840203 092000

Date

840124
840125
840125

Time

131207
1562609
160356

Starting Data from Vehicle Heated with
Hot Air and Heater Exhaust
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TEMPERATURE DATA
FROM VEHICLE HEATED WITH
HOT AIR AND HEATER EXHAUST

NOTE:

1. An unplugged thermocouple breaks the thermocc.ple circuit and causes the
data acquisition system to measure common mode voltage which, in most cases,
corresponds to a very high temperature. In those situations the temperature is far beyond
the range used for actual temperature measurements and therefore the temperature is
displayed in the tables as ‘“***’ and will not appear on the temperature plots except as
a line descending directly down from a very high temperature to a legitimate reading.
These occur on several occasions in Annex C but must be disregarded as they have
absolutely no bearing on the temperatures which occurred in the vehicles.

2. Although temperature data were recorded at one minute intervals during the test
period, to reduce the amount contained in this Annex, data are presented only after each
change of 4°C in any thermocouple reading.
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\ 9
: LEGEND FOR ANNEX C TEMPERATURE DATA
> 1. Oil — QOil Pan, Front I'
3 2. Oil — Oil Pan, Rear 3
i 3. Coolant — Thermostat Housing

4. Coolant — Connector Pipe, Oil Cooler to Engine Block
" 5. Coolant — Engine Block, Right
N 6. Coolant — Cylinder Head, Rear, Right
s 7. Air — Engine Bay, Front '-
: 8. Air — Engine Bay, Rear 3
j 9. Air — Air Inlet Horn :
| 10. Fuel — Fuel Inlet
N 11.  Electrolyte — Battery, Forward .
J 12.  Air — Battery Box :
. 13. Air — Crew Compartment, Front ?
. 14. Air — Crew Compartment, Rear )
: 15. Exhaust Gas — Mixing Pipe Output A
j:' 16. Air — Turboheater Output :
9 17. Exhaust Gas — Turboheater Exhaust
- 18. Air — Outside of Vehicle
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Table C-1
THERMOCOUPLE TEMPERATURES

THERMOCOUFLE TEMFPERATURES

DATE TIME VYEH

840124 1304046
840124 121306
840124 131404
840124 121706
8490124 1318046
840124 131904
840124 132008
840124 132106
8490124 1322904
840124 1323206
840124 132406
840124 1324606
840124 132804
840124 123006
840124 133306
840124 133606
840124 134006
840124 134406
840124 134506
840124 134706
840124 134906
840124 135204
840124 135606
840124 140406
840124 153509
840124 1463508
840124 171315
840124 175115
840124 182715
840124 190905
840124 195745
840124 204326
840124 214832
840124 225832
840125 001432
840125 014832
840125 940332
840125 062832
840125 090410
840125 090437
840125 090511
840125 090534
840125 0904602
840125 092947
840125 093042
840125 093138
840125 093230
840125 093334
840125 100856
840125 100941
840103 10103°
gI0125% 101129
810125 121347
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15
XX
XXX
KX
XXX
xex
XXX
XX
XXX
e
XXX
xxx
XX
XK
F33
XXX
XXX
b3 3
XX
1Xs
XXX
XX
XXX
1 $ 3 ¢
XX
XXX
XX
X%
XXX
KX
xXx
Kk
rEX
xx -10 ? -13
*xx -11 -11 -14
x¥%x -13 -13 -1§
XXk -14 -14 -17
S XXk -16 -16 -18

xXkx -17 -17 -18
k% -18 -18 -1
X
xxx -18 ~-18/-18
xX%x -18 - 2 -18
x%%x -18 -18 -18
xx%x -18 -18 -17
xxx -18 -18 -17
xxx -18 -18 -17
-13 -11 xx%x -18 - 0 -~-18
-9 - -10 ~-10 -13 -14 -15 -18 ¥kx -18 -18 -17
-10 -10 -10 -10 98 -12 -11 ~14 ~15 -17 *xx -18 -18 ~-17
-10 -10 -10 -10 -10 -11 -13 -12 -11 =11 ~14 Xxxx -17 Xxx -18 -18 -17
-10 -10 -10 -11 ~10 ~-11 -13 -13 -11 -11 -14 -15S -18 XXX ~18 %%x% -17
-10 -10 -10 -11 - ¢ -11 =13 -13 -11 =11 ~14 ~-15 ~17 xxx -~18 -18 -17
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Table C-2

THERMOCOUPLE TEMPERATURES

THERMOCOUFLE TEMPERATURES
DATE TIME VEH 1 2 3 4 S é ? 8 9 10 11 12 13 14 15 16 17 138

840125 110036 3 -11 -10 -11 -11 -10 -12 -14 =13 =12 -12 -14 -15 -16 -16 X¥x -17 -18 -16
840125 121347 3 -11 ~-11 -11 =12 -11 -12 -13 -13 -12--12 -13 -14 -12 -14 *$% -15 -16 -14
840125 140158 3 -11 -11 -10 -11 -11 -11 - 8 = 9 -10 -10 -10 -11 - 7 - 9 X¥% -11 -11 =12
840125 153614 3 -11 -12 -10 -11 -11 -i1 -10 -10 =10 -11 -11 -11 -12 -10 %*¥x -11 -11 -15
840125 154943 3 -11 -12 -10 =11 -11 -§1 - 8 = 9 -10 =10 =11 =11 = 7 =10 X%%x -12 -12 -1S
840125 155008 3 -11 -11 -10 -11 -10 -11 - 3 - 7 =10 -11 -11 ~10 - & - 8 ¥¥x =12 -12 -15
840125 155048 3 -10 ~-11 -10 -11 -10 -11 3 - 4 -10 -10 =10 -10 - 7 - 6 X4k -12 -12 -14
840125 155231 3 - 9 -11 - 9 -11 =10 -10 9 1 -9 -9 -10 ~ 7 - & - 2 ¥kXx - 4 85 -14
840125 155240 3 - 9 -10 - 9 -11 -10 -10 9 1 -9 - 9 -10 - 7 - b - 2 k%K - 2 98 -1%
840125 155325 1 -8 - 9 - 9 -1if -10 -i0 11 3 -9 -8 -10 ~ 1 - 3 - 1 KKk 8 XK&x -15
840125 155425 3 - 6 - 7 - 8 -10 -10 -10 12 S -8 -7 -9 6 1 O Xkf 23 XXX -15
840125 155612 3 -~ 4 - 1 -8 -~ 9 -9 -9 15 8 -6 -6 -6 21 10 3 XXX 49 XXX -14
840125 155713 3 -2 3 -8 -9 -9 -9 16 10 - 4 -5 - 4 28 14 4 XKk 60 XXX -15
840125 155839 3 -0 9 -7 -8 -8 -8 19 {1 -1 -4 -1 3§ 2 6 XXX 70 XXX -15
940125 155936 3 1 12 ~6-8-8-8 19 12 0 -2 1 40 22 & XXX 75 Xt%x -15
340125 160136 3 4 156 -5 -7 -8 -7 20 14 4 -2 S 45 27 & XXk 79 XXX -1S5
840125 160342 3 S 20-4-7-7-6 21 17 8-0 9 47 30 2 Xkx 81 ¥X¥x -15
840125 140442 3 4 2 3-6-7-8 22 18 3 -2 11 49 31 S5 x1x B3 XXX -15
840125 160605 3 4 21 -2-6-7-6 21 19 8-0 12 S1 33 7 XXk B7 XXX -15
840125 140805 3 S 25 -2-5-6-5 22 21 13 2 15 52 31 7 XXX 90 XX -14
840125 161031 3 8 30 -1-4-5-2 23 20 17 4 16 53 30 7 XXX 95 XXX -14
840125 141131 3 8 31 -1-4-5-1 24 20 18 S 17 56 35 9 ¥(x 97 XXX -15
B40125 161431 3 12 36 1 -4 -4 1 27 23 2 7 20 S? 39 12 ¥XX X3% K%%x -15
840125 161835 3 15 40 3 - 4 - 4 4 29 25 24 9 23 61 42 13 X&x XXX XXX 1S
840125 162041 3 15 45 4 -2 -3 -2 30 26 14 4 24 &1 42 14 X% ¥EX XX -1S
840125 162141 3 15 39 4 -2 -3 1 29 26 17 8 25 62 42 12 XXX KXK X% 15
840125 162241 3 14 15 1 f ~3 1 26 22 16 3 24 42 42 10 XXX XXX FXX -15
840125 162341 3 16 16 & 6 -2 6 15 15 15 -1 22 37 29 11 XXX XXX XXX -15
840125 162441 3 18 1S 8 8 -1 9 13 13 14 - 0 22 23 22 10 ¥XX REX ‘XXX -15
840125 162541 3 24 21 13 13 1 13 11 9 11 - 4 16 18 19 7 XXK XEX ¥KXX -15
840125 162641 3 36 36 24 24 9 24 18 6 10 - 5 16 16 17 & XXX XXX FX¥ -15
840125 162741 3 43 43 33 32 22 32 21 6 10 - S5 15 14 15 8 XXK XXX XXX -1S
840125 142841 3 SO 48 40 40 30 40 22 S 11 - 4 14 13 14 8 XXX XXX XXX -15
840125 162941 3 S2 S1 47 46 36 45 23 7 12 -3 13 10 8 3 XXX XXX XXX -1S
840125 163041 3 56 S5 S1 S50 41 S0 22 8 11 -2 12 9 7 3 XXX XXX XXX -15
840125 163141 3 61 S8 57 56 47 56 25 8 12 -1 11 B8 S 3 XX XXX XXX -15
B40125 143241 3 45 62 62 &1 S3 61 27 8 13 -0 11 8 7 A4 KEX XXX XXX -15
840125 164328 3 68 74 74 61 465 48 31 25 22 18 7 & 4 2 xxx 71 B85 =15
840125 164428 3 467 74 73 40 66 47 31 26 23 19 7 S 4 2 xxx 67 80 -15
840125 144528 3 67 74 72 S9 66 66 30 26 23 20 6 S5 3 1 Xxx 63 76 -15
840125 144628 3 47 74 72 S9 66 66 30 26 24 21 & S 3 1 xxx 59 72 -15
840125 164828 3 46 74 71 SB 66 64 29 25 25 23 6 4 2 0 k¥x 52 b4 -14
840125 165028 3 66 73 70 S8 65 62 29 25 26 25 S5 4 1 O ¥xkx 47 58 -1¢
B40125 185228 3 45 72 69 57 45 61 28 25 26 27 S5 3 0 - 0 $kx 42 52 -1
840125 145428 3 64 71 68 57 64 S9 28 25 27 29 4 3 0 - 0 kkx 37 46 -16
840125 185701 3 64 70 67 S6 &3 58 28 25 28 30 4 2 -1 - 1 kxx 32 40 -16
840125 165928 3 63 70 66 S6 63 56 27 25 29 32 3 2 -1 -1 ¥k% 28 35 -16
840125 170228 3 42 68 44 55 42 55 27 25 30 33 3 1 -2 -1 xxx 23 30 -16
840125 170528 3 41 47 63 54 61 54 26 25 31 34 2 1 -3 -2 kXX 19 26 -16
840125 170828 3 61 66 62 53 &0 53 26 25 31 34 2 1 -3 -2 ¥Xk 14 22 -16
840125 171228 3 60 &5 61 S3 S9 S2 25 25 32 35 2 0 -3 -3 txx 13 17 -16
B40125 174144 3 51 S6 54 46 S2 46 23 23 33 34 -1 -1 -5 -4 ¥xx -0 1 -16
B4012S 175618 3 47 S1 51 43 49 43 21 22 32 32 -1 -2 -6 -5 %Xk - 3 - 3 -16
840125 181349 3 44 47 48 40 47 40 20 21 31 30 - 2 - 3 -8 - b6 XKX - 5 - & -16
840125 183313 3 40 43 45 37 44 37 18 20 30 28 - 2 ~ 4 -8 - 7 XXX - 7 - B -15
840125 185512 3 37 38 41 33 41 35 17 19 28 27 - 3 ~ 4 -9 - 7 xxx - 8 - 9 -15
840125 202514 3 25 25 30 23 30 25 10 13 20 19 - S - 5 =11 - ¢ ¥k -11 -11 -16
840125 211223 3 21 20 25 19 26 _20 8 10_17 16 - 5 - 5 -11 - 9 xx¥ -11 -11 -15
840125 215626 3 17 16 21 16 22 17 6 7 14 13 - 6 ~ 6 -11 =10 ¥xkkx -12 =12 -15
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Table C-2 (Cont'd)
e THERMOCOUPLE TEMPERATURES

§

N 840125 274426 3 13 13 17 12 18 14 3 S 11 10 - 7 - 7 =12 -10 ¥¥% -12 -12 -15 '

& 840125 234376 3 10 9 13 9 14 10 1 3 B 7 = 7 -7 =12 =11 ¥tk -12 -12 -14 ;

.- B e > 4 5 6 10 7-1 1 5 4-8-8-12-11 £rx -12 =12 -13 ]
: aoIe o8 : 3 3 5 3 & a-3-1 2 2-9-8-12-10 kkx 12 -12 -12

o 840176 041826 3 -0 -1 1 -0 2 =0 -4 -4 -1-1-79 =9 =12 =11 XXX -12 -12 =13 =
S ise3e s L33 -3 48 4-37-4-4-4-10-10-12 -12 €xx -12 =12 -12

e
Pt 7a 28

-

(PR PLIAN

‘.

¥ A

UNCLASSIFIED

Tl

-

’



¢-0 aunby
(SHNOH) 3WIL 03SdY13
¥ €T CC nwsmmﬂftwamﬁlmnﬁ :E 6 m \. g9 § ¢ m m I

- ——— i e B e Qm'

/C-10

@ses
a9
aL
a8
a6
 @d{
418!
@21
} GET

UNCLASSIFIED
UNCLASSIFIED

ag [f szigve €
SIUNLYNIIHIL ITJNOIOKAIHL By [
' @S T

\c‘lr . Il”l‘JML! ... ,N u.-;- ¥ % ,\‘- L rlﬂl'l.;%ﬂf‘, |w. \»WW-NIQ\ tml ... ..c xf\f-n P u\-nn-u\..ﬂn\.n..ruﬂd\. » \.\.\ ....M-\‘.. A vNJa-J .r\l-l.-l\-. ‘nil f\ﬂ..!!\.l




UNCLASSIFIED /C-11

Table C-3 !
THERMOCOQUPLE TEMPERATURES

THERMOCOUPLE TEMPERATURES

DATE TIME VEW t 2 3 4 S & 7 8 9 10 11 12 13 14 15 1§ 17 18
840126 110658 3 - & ~ 6 - 6 - 6 - S - 6 -8 -8 =7 -7 =10 -9 -~ 9 ~ 8 XXk -10 ~10 - 8
840126 1114356 3 26 23 20 18 -0 19 - 2 - 6 -3 -8 ~9 -~ 9 ~ 9 ~ 9 ¥xxx -10 -10 - 3
840126 111436 3 31 28 26 25 5 26 -2 -5-1-7-9-9 -9 -9 %tk -10 =10 - ©
840126 111836 3 37 33 31 30 11 31 0-4-0-5-9-8-9 -9 xkx -10 =10 - 8 ¥
840126 112940 3 S5 S3 St SO 39 SO 11 3 7 1 ~9 -8 ~9 - 9 Xxx -10 -10 - © 3
8401256 113240 3 S9 57 S5 S4 45 54 11 3 9 2 -9 -9 ~9 - 8 Xk -10 ~10 - 9 X
840126 113340 3 40 S9 S6 54 49 S5 10 3 10 3 -8 -8 - 9 - 9 X¥x -10 -10 - 9 .
840126 113640 3 62 60 57 55 S3 56 13 4 12 4 -9 - 8 -8 - 9 X%k -10 -10 -10 .
840126 114240 3 66 64 60 S9 S7 S9 15 S5 15 S5 -9 - 8 -~ 8 - 9 k% -10 -10 -10 :
840126 114840 3 69 68 64 62 61 63 20 8 17 7 -8 -8 -8 -9 Xkx - 9 -10 -10
840126 115140 3 69 70 64 63 61 63 22 13 18 7 -9 -8 -7 - 6 kxk - 9 - 9 -10
840126 115240 3 68 70 64 63 61 62 23 20 19 9 -8B -8 -6 -6 X%x - 9 - 9 -10
840126 115440 3 66 70 64 62 41 61 24 20 20 13 -8B -7 -7 - 6 ¥xk - 9 - 9 ~10
840126 115740 3 64 70 63 61 62 S8 23 22 21 19 -8 -7 -6 - 6 kKkx - 9 - 9 -10 '
840126 120116 3 62 68 62 59 61 55 22 22 22 24 -8-8B-6-6 ¥kk - 9 - 9 -10
840126 120616 3 60 67 60 57 60 51 21 22 24 28 ~8 -7 -~ 6 -5 XXX -~ 9 - 9 -10
840126 121616 3 S7 64 57 53 S7 47 20 21 25 32 -8 -7 -6 -5 %%k - 9 - 9 -10
840126 122716 3 S4 60 S5 49 S3 44 19 22 27 32 -8 -7 -6 -4 %k - 9 - 9 -11 ;
840126 124116 3 S1 55 52 45 S0 40 18 20 27 31 -8 -7 - 6 - 4 k¥k - 9 - 8 ~-11
840126 125610 3 47 S1 49 40 47 38 17 19 27 30 -8 -7 -6 - 4 ¥%%k - 9 -~ 8 ~10 .
840126 131451 3 43 46 45 36 44 34 15 18 26 28 ~8 -7 -5 - 4 XXk -9 - 8 - 9 :
840126 133309 3 39 42 42 33 40 32 14 17 24 26 -8 -7 -5 -5 $xx - 9 - 8 ~11
840126 161054 3 18 19 21 15 21 16 4 7 12 13 -8 -8 - B - 7 ¥XX -10 -10 -15
840126 163920 3 15 15 18 13 18 13 2 5 10 10 -9 - 9 - 9 - 8 ¥¥k -11 -11 -17
840126 172020 3 12 12 14 9 14 10 -0 2 7 7 =10 -10 -11 -10 %% -12 -12 -18 y
840126 180820 3 8 9 10 6 11 6 ~3 -1 4 4 -11 =11 -13 -12 ¥xx -14 -13 -18 3
840126 220016 3 -3 -2 -2 -4 -1-4~-9-8-5-5-14 -15 -18 -17 kxkx -18 -18 -21 3
840127 001605 3 - 6 - 6 - 6 - 7 -5 - 8 =12 =10 ~ 8 - B8 -15 -16 -20 -18 XX%X -19 -20 -24 y
840127 013505 3 - 9 - 9 - 9 - 9 - B -10 ~14 -12 ~10 -11 -17 =18 -21 -20 24 -21 -21 -23 P
840127 045405 3 -12 -12 -13 -13 -12 -13 =16 -15 -14 -14 ~-18 -19 -21 -20 X¥x =21 -21 -21 3
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: Table C-4 K
THERMOCOUPLE TEMPERATURES .
b THERMOCOUFLE TEMFERATURES K
DATE TIME VEH 1 2 3 4 S & 7 8 ? 10 11 12 13 14 1= 14 17 18 %
840127 103011 3 -15 -15 -16 -15 =15 -16 -186 ~-16 -16 -16 -18 -18 -17 -18 %xxx -18 -18 -1¢ \
¢ 840127 114849 3 -15 -16 -16 -16 -16 -16 -16 ~1é6 ~16 -17 -17 -17 -16 -14 xxx -17 -18 -15 kD,
840127 115349 3 -14 -15 ~16 =16 =15 -16 ~11 ~15 -~-16 -16 -15 -15 -13 -14 ¥%%x ~-16 ~17 -15 :
840127 115449 3 -14 -15 -15 -15 -15 -146 - 3 ~-11 -15 -16 -14 -15 -13 -14 xxx -16 -17 -15 -
) 840127 115649 3 -13 -14 -14 -15 -15 -15 3 ~ 6 ~-15 -15 -14 -13 -11 -14 x%xx - 8 76 ~-19 :
. 840127 115749 3 -11 -12 -14 -15 -14 -15 4 - 3 -14 =14 -14 - 8 - 9 -14 £X% 5 x¥x -15 o
) 840127 115849 3 -10 -10 -13 =14 -14 -15 6 ~ 1 -14 =13 =13 - 2 - 4 -13 %X¥x% 19 xxx -15 .
iy 840127 115949 3 -9 -8 ~-13 ~-14 -14 -195 7 -1 -13 -12 -11 S 0 =12 xxx 33 xxx --15 hd
840127 120049 3 -8 -5 ~-13 -13 -13 -19 B8 {1 -12 -12 - ¢ it S -11 ¥xxx S XXxX¥x -19
8940127 120149 3 -~ 7 -2 -13 -13 -13 -13 9 2 -11 -11 - 7 17 ? - 9 X¥%x 5S4 ¥xx ~-1% -
840127 120706 3 - 9 2 -12 -7 -12 -13 11 J -8 -10 - 4 23 14 - B8 XXX 69 X%k -1%
840127 120354 3 - 4 4 -12 -12 -12 -13 12 4 - 7 -9 -3 24 17 - 7 XX 74 %% -1%5 -
L 840127 120456 3 - 3 7 -t1 -11 -12 -13 13 S -4 -8 -1 30 19 - &6 XXX 79 ¥%x -19 I,
), 840127 1206356 3 -1 11 - 9 -1t -11 -12 15 8 -1 - 4% 3 348 24 - 4 xxx S Xxg -195 (}
Ln, 840127 120858 3 0 1 - 8 -10 -11 -11 17 10 2 -9 S 41 27 - 2 xXXx 89 xx¥x ~-15 i;
¥ 840127 121058 3 2 18 - 7 -9 -10 -10 17 10 4 - 3 8 44 20 - 1 XX¥ 93 x%xx -15 }'
: 840127 121358 3 4 23 -5 -9 -9 -8 16 13 8 - 1 12 456 30 - 5 x¥x 95 %xx%x -~-1% {i
840127 1214604 3 S 25 - % - 72 -9 -~ 9 18 14 I ~ 4 13 47 31 - 2 ¥xx 995 x%¥x -1% d
840127 122004 3 6 29 - 4 - 6-8-95 17 15 10 0 13 49 33 1 XxX S XXX -15
o 840127 122104 3 S 29 - 4 - 7 -8 -7 18 14 3 -3 13 S0 34 4 XXx S x¥x =15 :
840127 122204 3 6 27 - 4 - 46 - 7 - 4 19 17 8 0 12 S0 34 O XXX 946 %x%X¥ -1%5 .
840127 122404 3 é 16 - 3 -5 - 46 -3 18 17 14 2 13 S50 33 - 3 xxx 94 xx%x -15 ?
; 840127 122504 3 7 26 - 3 -85 -6-~-2 19 17 15 3 13 §1 34 - 2 ¥xx 96 xxx -1% {
X 840127 122726 3 10 32 - 2 - 4 -5 -0 20 18 17 9 14 51 34 - 3 xxx 97 xxx -15 B
| 840127 122926 3 11 36 -1 - 4 - 4 1 19 17 19 6 14 52 34 - 2 Xxx 97 xxx -135 M
840127 123251 3 13 4% 0O - 4 - 4 4 21 18 20 7 16 2 35 - 2 ¥xxx 97 %x%xx -15
- 340127 123635 3 15 19 -1 -0 -3 -1 20 17 11 3 18 5S4 34 3 XXk 98 ¥xx -1i3 :
. 840127 123735 3 18 19 S S -2 S 12 10 10 - 2 17 35 25 2 XXk X£%x X¥xx -15 4
« 840127 123835 3 22 20 10 10 - 1 10 7 7 7 -6 15 2 14 0 XXX XXX XXx%x -1S :
:' 840127 123935 3 21 19 10 190 1 11 9 7 g8 -5 13 17 S - 0 Xx% XX%x XX -14 .
: 840127 124435 3 XXX XE¥X XXX XXX XXX XXX XXX XXX S -6 8 7 XXX XXX XXX XXX XXX -15 ‘;
', 840127 124735 3 44 A1 36 3I4 21 35 13 4 6 - 6 7 7 =95 = 7 Xkx XXX ¥%k%x -15 :
iy 840127 124835 3 48 47 39 38 30 38 15 3 5 -95 7 & -5 = 7 XXX XXX xX% -~-14
840127 124951 3 o4 9 40 45 38 49 13 S S -4 é S - & - 7 xxx 98 x%xx -14 R
840127 125051 3 98 S8 %1 § 44 S0 19 6 6 - 5 6 S5 -7 = 7 %¥xx 91 %¥x%x -14 .
840127 125151 3 62 61 S5 85 49 S5 2 7 7 - 4 S S -8 - 8 xxx 83 xxx -14 .
840127 125251 3 65 64 b1 60 54 0 25 B8 @ -~ 3 5 4 - 8 -~ 8 xXxx 80 94 -14 :
840127 125351 3 69 &7 66 &5 SS9 465 23 9 10 - 2 S I -8 -~ 7 xxx 75 87 -1s -
840127 125451 3 72 69 71 49 63 69 27 11 11 - 1 4 2 -8 -8 %xxx 70 80 -14 -
- 840127 125551 3 76 74 75 724 689 74 29 11 13 1 4 2 -9 ~ 8 xxx b4 73 -14 -
840127 125651 3 74 76 75 73 62 72 31 15 14 1 3 2 -8 -~ 7 xkx 42 59 -14 ~
840127 125751 3 73 77 7?5 70 61 74 3t 18 15 3 3 O - 6 -7 xxx 57 59 -14 N
3 840127 125851 3 72 76 75 46 62 74 31 16 17 5 3 0O - 4 - 7 xxx S3 55 -14 'f
; 840127 130051 3 70 75 75 &t 64 467 30 21 18 10 3 0 - 4 ~ & XXX 48 S1 -14 :;
840127 130251 3 69 74 74 38 65 65 30 21 20 14 3 0 - 4 - 6 XXX 43 45 -14 P,
840127 130451 3 &8 74 73 S57 66 63 29 18 22 17 2 0 - 4 - 6 xxx 37 38 -14 «
840127 130651 3 47 74 72 S6 64 62 28 18 24 19 2 O - 4 - 6 ¥xx 34 34 -14 bl
840127 13085t 3 b6 74 71 86 b6 60 27 12 27 20 2 -0 -4 -~ % xxx 30 28 -14
= 840127 130991 3 66 73 720 S6 66 59 27 18 27 21 2 -0~ 4 - 6 %x%x 28 28 -14 :
840127 153055 3 31 33 34 24 32 23 8 10 2% 19 - 4 -« 6 -10 -~ 9 X%Xx ~-10 -10 -14 -
840127 155416 3 27 29 30 2 29 20 6 8 19 17 - 4 - 6 ~-10 -~ 9 %xxx ~-11 ~-11 ~-14 \
840127 162311 3 23 25 26 18 2% 16 4 6 16 14 - 5 - 7 =10 -10 xxx -11 -11 -13 '«
; B40127 165523 3 19 20 22 1§ 21 14 2 4 14 12 - 6 -8 ~-11 -11 *¥xx -12 -11 -13 ™~
o 840127 173123 3 15 17 18 12 17 11 0 3 11 9 -7 -8 -11 ~11 x%xx -12 -12 -13 .
-’ 840127 181758 3 12 13 14 8 13 9 -1 1 7 7 -7 -8 -10 ~-11 xxx -11 -12 -13
3 840127 182347 3 11 12 13 8 13 8 -1 -0 7 6 Xx%x -12 -12 ~11 %xxx -11 -12 -13 =1
» 840127 1837%0 3 10 11 12 7 12 7 -1 -1 é S 9 -12 ~11 ~-11 %xx¥xx -11 -12 -13 )
R’ 840127 193624 3 7 7 8 S 8 S -3 -1 3 3 8 -12 -11 ~-11 x%x -12 -12 -12
. 840127 205154 3 4 4 4 2 S 2-4-2 1 1 4 -11 -11 ~11 X¥x -12 -12 -12

"
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Table C-4 (Cont'd)
THERMOCOUPLE TEMPERATURES

840127 2 -10 -10 *xx¥x -11 -11 -13
840128 -11 -10 XXf -11 -11 -12
849128 0 > —11 -11 *%%x =12 -12 -12
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Table C-5 o
THERMOCOUPLE TEMPERATURES :
“
THERMOCOUFLE TEMPERATURES >
DATE = TIME VEH 1 2 3 4 S ) 7 8 ? 10 11 12 13 14 15 146 17 138 ~
840128 103021 3 -8 -8 -8 -8-8 -9 <10 ~10 - 9 - 9 - 9 -11 -11 -11 xxx -11 -12 -11 N
840128 110250 3 -8 -8 -8-9 -8 -9 -4 ~8B~9 -9 -8 -9 -7 -8 kXK -10 -11 -10 :,
B40128 110350 3 -8 -8-8-8-8-9-2-~4-9-9-8-8-=75 = 8 xxx - 9 ? -10 -
940128 110450 3 -7 -8-8-8-8-8 0-0-9-9-8-3-5-09 xxk - 1 XXx -10 -
840128 110550 3 - 7 -8 -8 -8 -8 - § 2 2 -9 -8-7 4 -1 - 8 %xxx 10 xxx -10 o
840128 110650 3 - 6 -7 -8 - 7 - 7 - 5§ 3 3 -8-7-5% 13 3 - 7 xxx 24 xxx ~10 -
840128 110750 3 - S - 46 -8 - 7 - 7 - 3 S S -7 -46-4 21 ? - & xxx 39 xxx -10 R,
840128 110850 3 - 4 - 4 - 7 6 7 -2 S 7 -5 -9S -2 29 14 - 5 xxx 53 xxx -10 N
840128 110950 3 - 2 - 0 - 7 5 -6 -1 $ 8 -3 -5 0 36 18 - 4 xxx 43 xxx -10 N
840128 111027 3 - 2 0 -6 -6 -4 0 8 10 -2 -4 2 40 21 - 3 xxx 70 Xx¥x - 9 -
840128 111117 3 - 2 1 -8 -8 -4 1 8 10 -0 -3 4 44 24 - 2 ¥xxXx 75 X% - 9 -
840128 111217 3 - 1 4 - 6 -5 - 4 2 ? 11 2-2 6 48 26 - 2 xxx 82 xxx -~ 9 i
840128 111417 3 0 8 -5 -4-75 4 11 13 6 -0 11 S4 31 - 2 xxx 88 Xxx - 9 N
840128 111512 3 0 12 -5 -4-5 S 10 13 8 0 13 97 32 -1 xxx 91 xxx -10 A
840128 111712 3 2 14 - 4 - 24 —5 6 11 1§ 11 2 18 460 36 - 0 xxx S xxx - 9 2
840128 112012 3 4 17 -3 -3 -5 9 14 18 15 4 21 463 38 1 xxx 97 xxx - 9 o
840128 112528 3 6 25 -1 -2-4 11 15 17 19 & 27 67 41 2 XEX XXX Xxx - 9 »
840128 112917 3 8 27 -0-1 -3 12 18 20 2 7 29 49 43 7 ¥XX% XXX Xxx -10
840128 113417 3 ? 32 1 -1-2 14 18 22 23 8 32 71 44 7 XXX XXX XXx - 9 .-
840128 113831 3 11 38 2 ~-1-1 14 19 24 24 ? 34 72 44 7 XXX XXX ¥%x% - 9 4
840128 114345 3 13 40 3 -0 0 16 22 2 25 11 36 72 46 9 XXX XXX £xxX - 9 ~
[ 840128 114745 3 16 A4S 4 1 1 16 2 28 26 12 38 72 47 10 XXX XXX XXX - 9 N
Y 840128 115245 3 18 50 é 2 3 17 25 30 27 14 39 72 47 11 X¥%X 9B Xxx - 9 -
Y 840128 115745 3 20 55 7 3 5 18 26 31 28 15 40 72 4B 12 XXX XXX XXX - B >~
840128 120135 3 22 59 9 4 6 19 28 32 2% 16 40 72 48 12 x¥x 98 ¥x¥ - @8
840128 120835 3 24 463 11 S 8 21 28 33 31 18 41 73 4% 11 XXX XXX XXX - 9 "
'd 840128 121255 3 2 66 11 é 8 21 4 22 31 18 40 51 19 8 XXX XXX Xxx ~ 9 K
C 840128 121355 3 25 646 1t é ¢ 21 S 18 31 17 37 36 9 6 XXX XXX X¥x - 9 -
840128 121555 3 24 65 10 S 9 18 S 16 29 15 33 31 7 4 XXX XXX XXX - 9 \
’ 840128 1214655 3 24 45 10 S S 17 2 19 28 15 31 2% 4 3 XXX XXX X¥x - 9 :,
y 840128 121755 3 24 65 ? S 9 16 6 19 27 14 29 25 4 3 XXX XXX XXx - 9 o
840128 121855 3 24 64 9 S ? 16 2 18 26 14 28 2 4 3 XXX Xkx Xxx - 9
840128 122055 3 24 64 9 S 9 14 6 19 24 13 2% 20 1 I XXx XXx %Xxx - 9 K
840128 122355 3 24 63 ? ] ? 14 S 2 23 12 22 15 -1 0 XXX Xxx xxx - 8 ’
840128 122455 3 24 62 k4 S 10 14 S 21 23 12 21 15 0 1 XXX XXx 94 - 8 {;
840128 122612 3 24 62 9 9 9 14 6 20 22 12 20 14 -1 - O XXX XXX 846 - 8 rad
840128 122712 3 25 61 9 S 10 14 S 20 22 12 19 13 - 0 - 0 ¥xXx Xxx 78 - 8 :A
Y 840128 122812 2 24 61 9 S 10 14 2 18 22 12 19 2 -0 - 0 XXx Xxx 70 - 8 -
840128 122912 3 24 61 8 S 10 14 - 2 1§ 2t 2 18 12 - 0 - 0 XXX XX%x 62 - 9 "N
840128 123012 3 24 60 8 S ? 13 2 19 21 11 17 12 - 1 - 1 x%x 97 S7 -10
840128 123112 3 24 60 8 S 10 13 -1 12 21 11 17 1?2 0 -1 xxx 93 S1 -9 Ty
\ 840128 123327 3 24 S9 8 S 10 12 0 13 19 11 16 11 -1 - 2 xxx B6 43 - 9 ]
X 840128 123527 3 24 S8 8 6 10 11 1 15 18 10 11§ ? -2 -2 xxx 78 37 -8 Q
X 840128 123627 3 24 58 8 6 10 10 1 13 18 10 15 9 -1 -2 %xxx 75 33 -8 h
840128 123827 3 24 57 7 é ? 10 -3 10 17 10 14 9 -1 - 2 xxx 69 26 -10 o
840128 124027 3 24 5S¢ 7 é 9 9 -2 ¢ 17 g 14 9 -1 -2 xxx 63 23 - 9 "™
840128 124127 3 24 S5 7 é 9 8 3 12 16 9 14 7 -4 -3 xxx 61 22 -8
. 840128 124236 3 24 55 7 6 9 8 -2 11 15 9 13 7 -3 -1 %xx 58 18 - 9 h
840128 124434 3 23 S4 7 é 9 8 1 13 15 g8 13 6 - 4 - 3 xxx 53 16 - 8 -
840128 124636 3 23 S3 7 6 9 7 1 12 14 8 12 S - 4 - 3 xxx 49 2 -8B .
: 840128 125153 3 19 St 7 é ? g8 -2 9 14 8 12 4 - 4 - 4 xxx 39 S -9 ~y
: 840128 125353 3 18 50 6 6 k4 7 2 15 13 7 11 3 -5 - 4 xxx 35 5 -8 :
840128 125653 3 18 49 6 6 9 8 2 15 13 8 10 2 -6 -5 xxx 31 2 - 8 N+
840128 130053 3 17 48 é é 9 9 1 16 13 9 10 1 -9 -2 xmx 26 -1 -8
840128 130457 3 17 44 ) é k4 9 -0 15 14 b4 9 1 - 6 - 5 xxx 2-2 -7 by
. 840128 130957 3 17 44 ) é 9 9 2 16 14 9 9 1 -6 -5 xxx 17 -3 -8 )
' 840128 131257 3 17 44 é é 9 9 -3 13 14 9 8 0 -7 -5 x¥¢ 13 - 4 - 8 Hc
840128 131357.3 16 43 6 _ 6 9 9 2 15 14 9 8 -0 -4 -5 XXk 13 - 4 - 8 N
; 840128 131457 3 16 43 6 é k4 9 -3 12 14 k4 8 0 -6 -5 xxx 12 -5 -8 .
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Table C-5 (Cont’'d)

THERMOCOUPLE TEMPERATURES

840128 1218¢C0 3 16 42 6 é k4 8 S 12 13 9 g -0 -6 -5 x%x¢k 12 -5 - 7
840128 132132 2 17 42 ) 6 k4 ? S 172 13 10 8 -0-95 -4 x¥x 12 -5 - 7
840128 132232 3 17 29 ? 7 8 ? 4 14 10 21 7 -1~ 5 -9 xxx 11 - 6 -7
840128 1232322 2 20 25 11 114 8 11 0 15 8 23 7-1-7 -6 %x¥x 10 - 5 - 7
840128 132432 3 24 24 S 13 ? 1S 6 14 8 15 8 -1 -6 - 6 Xxxx% -5 -7
840128 132532 3 27 25 19 1° ? 12 10 13 9 é 7 -1 -6 -5 kxx ? -6 -7
840128 132632 3 29 26 23 22 1t 23 10 13 9 2 7 1 -5 -5 %xxx 10 - 6 -7
840128 132832 2 34 30 29 28 14 28 11 13 ? -0 8 2 -3 -5 ¥xxx 10 - S - 8
840128 133410 3 43 40 29 39 27 39 14 14 10 1 8 2 -3 1 Xxx 8 -5 -7
840128 123519 3 46 44 37 34 29 3I7 1S 13 10 2 8 3 -1 - 0 %xxx 8 -5 -7
340128 133710 3 St 48 40 38 34 39 14 13 12 2 8 2 - 2 -9 xxx 8 -5 -7
840128 133910 3 52 S1 44 42 39 A3 18 13 12 2 8 2 -3 - 5 xxx 7 -9S -7
840128 134210 3 55 S6 49 47 43 48 20 14 14 3 8 2 -3 - 5 XXX 6 -5 -8
840128 134410 3 $8 58 52 S5t 48 52 21 17 14 S 8 2 -3 - 6 xxx S -5 -9
840128 134710 3 62 2 57 55 953 56 23 16 16 -3 8 2 -3 -5 kxx S -5 -7
840128 135010 3 S S 61 5S9 S7 60 25 17 17 7 8 2 -3 -5 %kxx 4 -5 -7
840128 1353190 3 68 49 64 63 60 44 24 17 19 9 @ 2 -2 - 4 xxx 4 - S -7
840128 135510 3 70 70 67 &3 63 66 28 22 20 10 9 2 -2 - 5 ¥xx 3 - 4 -8
840128 135910 3 74 74 70 69 67 70 31 23 21 11 9 2 -3 -5 ¥xx 2 -4 -9
840128 140310 3 77 78 74 22 70 73 32 23 23 12 9 1 -3 - 5 xxx% 2 -4 -8
840128 141010 3 80 81 75 73 73 73 35 28 25 13 9 2 -3 - 6 %X 1 - 4-8
840128 141610 3 83 84 79 78 77 78 36 30 26 14 8 2 -2 -9 xxx - 0 - 4 -8
840128 142210 3 86 846 83 81 80 82 40 324 29 1§ 8 2 -2 -9 xxx -1 - 4 - 6
840128 143010 3 90 90 87 86 B84 86 42 37 32 19 8 2 -2 -4 xxx -1 -4 -8
840128 143810 3 74 93 91 8% 88 90 47 42 34 20 8 1 - 4 -3 xxx -1 -4 -7
840128 143910 3 92 93 90 89 87 90 45 42 35 22 8 6-5§-3-3-~-2-5-28
840128 145911 3 83 87 83 78 B2 75 39 37 45 A4S 6 -1-6-4-~-6-5-6-17
840128 150207 3 83 87 80 73 81 78 40 40 40 30 6-1-4-0-~-6-35-7-~-28
840128 150307 3 83 83 77 7?5 78 76 3I? 37 37 32 6 -3 -8B-6-6-95-~-7-~-28
840128 150507 3 81 83 78 74 78 74 38 34 42 33 6-3-8-8-6-5-7-17
840128 1510446 3 8t 80 275 73 76 73 3I7 3I8 3I7 31 6 -2-5-6-6-5-7-28
840128 151144 3 79 79 7?5 73 76 72 20 34 40 32 6-1-3-5-3-6-27-28
840128 151433 3 76 79 75 70 75 70 29 32 43 34 6 -1-4-4-5-5-7-~-28
840128 151533 3 75 79 75 70 75 4% 35 33 43 37 xxx -1 -5 -5-5-5~-7 -8
840128 152017 3 73 78 75 69 74 68 36 33 4S5 40 b 2-5-6-6-6-7-28
840128 152948 3 720 75 72 65 71 45 19 31 44 A3 10 9 -2-4-2-5-7-+-18
840128 153048 3 70 73 72 65 71 64 31 34 45 44 11 10 - 2 -3 - 4 -5 -7 -8
840128 153758 3 69 72 70 63 49 63 3IS 37 45 44 2 11 -2 -3 -4-5-7-+-29
840128 154457 3 67 70 48 2 67 61 33 3T 45 4S5 13 12 - 6 - 5 -5 -5 - 6 - 9
840128 155717 3 64 66 66 S59 65 98 32 32 44 42 14 12 -7 - 6 -7 -7 -8 -9
840128 161137 3 60 62 63 S6 62 55 It 32 43 A1 14 12 - 3 -5 - 6 -7 -8 -10
840128 162829 3 57 58 60 52 59 53 30 32 42 42 14 12 -3 - 4 -5 - 6 -7 -10
840128 17112% 3 48 48 53 45 52 446 26 29 39 38 13 11 - 4 - 4 - 4 - 5 - 6 ~10
840128 173124 3 45 44 S0 42 49 43 24 28 37 36 12 10 - 4 -5 -5 - 6 - 6 ~13
840128 175724 3 41 40 46 3B A6 40 23 26 34 33 11 10 -5 -5 -5 -6 - 6 ~13
840128 180324 3 40 39 46 38 45 40 13 24 34 33 11 10 -5 - 6 -5 - 6 - 6 ~14
840128 180424 3 40 39 45 37 45 39 S 19 34 32 11 9 -5 -6 -5 -6-6 -13
840128 181011 3 38 38 44 S 44 37 17 20 32 29 i1 9 -5 -6-95-6-6-13
840128 181425 3 37 37 44 35S 43 37 22 23 31 29 10 9 -é-6-~-5 -6 -6 -13
840128 1845446 3 J4 33 40 32 40 34 20 21 29 28 9 8 -72-7-6-7-7-13
840128 192244 3 30 29 35 28 36 30 18 19 26 25 8 7-7-8-7-8-18 -14
840128 200130 3 26 25 2 25 32 27 1S5 16 23 22 6 6 -9 -9 XXX - 9 - 9 -15
840128 204318 3 23 22 27 22 28 23 13 14 20 19 S 4 -10 -10 X%¥%x ~ 9 -10 -17
840128 213421 3 19 18 2 18 24 19 10 11 17 15 3 J -11 -11 %x¥% -11 -11 ~-16
840128 225657 3 13 12 16 12 xxx 13 S 6 11 ¥xxx - O 0 -12 -12 %xxx -12 -12 -15
840128 231210 3 2 12 15 11 - 0 12 5 5 10 *xx -~ 0 - 0 -12 -12 ¥X%x -12 -12 -15
840128 231310 3 13 12 15 11 ¥x¥x 12 S S 10 1 -0 -0 -12 -12 x%x -12 -12 -16
840128 231422 3 13 12 16 11 ¥xx 12 5 S 10 xxx - 0 0 -12 -12 1 -12 -12 -15
840128 2314638 3 2 2 15 11 xxx 12 S 6 10 10 -0 0 -12 -12 xxx -12 -12 -15
840128 231738 3 _ 13_12 15 11 16 12 5 _ 6 10 10 - 0 0 -12 -12 &XX _-12 -12 -15
840129 002138 3 9 9 11 8 13 9 2 3 7 7 21T 1712 712 xxx -12 712 -15
840129 013938 3 6 S 7 S 9 5 -1 0 4 3 3 -2 -12 -12 x%x -13 -13 -15
840129 030838 3 2 2 3 1 S 2 -3 -2 0 0 -5 4 -12 -12 xxx -13 -13 -14
840129 050828 3 -1 -1 -1 -1 0-1-5-4-3-3-~6 S =12 -12 x%%x -12 -12 -13
840129 081438 3 - 4 - S - 4 - 5 -4 -5 -7-7-6-6-~-7-6-12-12 xxx -12 -12 -13
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Table C-6 v,
]
THERMOCOQUPLE TEMPERATURES
3 THERMOCOUFLE TEMFERATURES - . 3
p DATE TIME VEH 1 2 3 4 S -] 7 8 ? 10 11 12 13 14 1S5 16 17 18 (J
840129 103044 3 - 6 ~ b6 - 6 - 6 ~5 -7 -8~9 -7-7-9 -10 -11 ~12 ¥x¥x -11 -11 -12 S
840129 104444 3 0 ~2-3I-4-~6-4-95-8-7-9-9-10-11 -11 x¥x -11 -12 -12
840129 104544 3 9 S 1 1 - 4 1 -5-8-7-10 ~10 ~-10 -11 ~11 ¥¥%x -11 -12 ~-12
840129 1044644 3 13 10 S 5 -5 S-5~8~6-9-~9 -10 -11 -1t x¥x -11 ~12 -12
. 840129 104744 3 17 13 9 9 - 4 9 -4 -7 ~-6-9 -9 -10 -11 ~11 *xx -1t ~12 -12 ;
| 840129 104944 3 23 19 16 S~1 16 -3 ~6~5-8-9 -9 -11 ~-12 %% -11 -12 -11 N
: 840129 1035144 3 26 21 18 15 3 17 -2 -5 -5 -7 -10 -19 -11 ~11 ¥%xx -11 -12 X¥xX N
840129 105344 3 32 27 24 22 8 23 -1 -4 -3 ~-6-9 -2 =11 -11 ¥*¥x -11 -12 -11 “)
840129 1055443 3 37 30 29 27 13 2¢° 0 -3 -2-95 -10 -10 -1! -11 ¥xx -12 ~12 -1i1 :
. 840129 105744 3 41 33 34 2 18 33 2~-2-1-4 ~-10 -10 -12 ~12 ¥xkx ~-12 -12 -11 e
] 840129 105907 3 44 40 37 35 22 3% 2-1-0-3~-9 -9 -11 -11 %%x -11 -12 -12
840129 110107 3 47 44 41 40 25 490 é 1 1 -2~9 -9 -11 ~11 x¥%x -11 ~-12 -11 .
840129 110307 3 Sl 49 4S5 44 31 44 7 3 2~1~9 -9 =11 ~t1 *xx -11 -12 -11 a
: 840129 110607 3 S4 S3 S0 48 27 49 9 4 4 1 -9 -9 -11 ~-11 xxx -11 -12 -11 by
: 840129 110910 3 57 S7 54 S2 43 33 11 é 6 2 -9 -9 -11 -1t x*xx -11 -12 -11 N
1y 840129 111110 3 40 80 3I7 ST 49 355 13 8 7 I -9 -9 -11 ~-11 %xxx -11 ~12 -12 "
840129 111357 3 63 63 60 S8 5S4 5% 15 9 8 S -9 -9 -10 -11 *x%x -11 -~11 -11 )
840129 112816 3 7?7 73 74 2 720 73 2 14 15 9 -9 -9 -10 -10 %xxx -11 -11 -11 «
840129 112916 3 7?7 78 72 468 70 7%y 27 18 16 -9 -9 -10 ~10 xxx -131 ~11 -11
< 840129 113516 3 79 79 74 72 72 73 28 23 19 10 - ? - 9 -10 -11 x¥x -11 ~11 -11 -
840129 113816 3 79 80 75 74 72 74 32 26 20 11 - 9 - 9 -10 -10 Xx¥x -11 ~11 -11 =
3 840129 114116 3 726 79 75 72 72 72 34 27 2 16 - 9 - 9 -10 ~10 x%x -10 -11 -11 -
g 840129 114316 3 7?25 78 7?5 72 72 71 33 27 25 20 - 9 - 9 - 9 ~-10 ¥xx -10 -11 ~-12 ?l
: 840129 1144622 3 73 78 74 71 72 468 32 27 26 25 -~ 9 -9 - 9 ~-10 xxx -10 ~-11 -11 @
\ 840129 115011 3 72 77 72 68 71 66 31 26 28 29 - 9 -8 - 9 ~10 ¥%x -10 ~11 -1}
' 840129 115611 3 720 725 70 66 49 62 29 26 30 33 -8 - 9% - 9 ~10 xxx -10 ~11 -10
' 840129 120509 3 66 72 67 63 6 S8 28 25 3T 35 -8 -9 - 9 ~10 ¥xx -10 -10 -10 1
a 840129 121657 3 63 67 64 60 63 54 27 22 34 34 -8 -8 -8 -9 xxx -10 ~10 -11 ’
9 840129 122957 3 S9 63 61 56 60 52 26 23 35 34 -8-8 -8~ 9 xxx - 9 -10 -11 "
5 840129 124257 3 56 59 S8 52 57 49 25 22 34 32 -8 -8 -8 -~ 9 x%x - 9 -10 -11 ;
' 840129 125757 3 52 S5 55 48 54 46 24 21 33 32 -8B -8 -8 ~ 9 ¥Xkx - 9 ~10 -11 N
| 840129 131457 3 49 S1 52 44 S1 43 23 20 2 29 -8-8-8+9 %xxx - 9 -10 -10 .
Y 840129 133157 3 A5 47 49 41 4B 40 22 18 30 26 -8B -8B - 9 - 9 X¥x - 9 - 9 -9
840129 135157 3 42 A3 AT 37 45 37 20 15 29 23 8 -8-8~81Xx -9 -9 -10
840129 141357 3 38 38 42 34 41 34 18 14 26 21 -8 -8 -8 -8 Xx¥x - 9 -10 -11 o
" 840129 143928 3 34 34 38 31 38 31 16 13 24 20 -8 -8 -8 -8 ¥%kx - 9 ~ 9 -11
840129 150754 3 30 30 34 27 34 28 1S 12 22 18 -8 -8 -7 ~ 8 xXx - 9 - 9 -10 .
, 840129 154307 3 26 26 30 24 31 25 13 9 19 16 -8 -7 -7 -7 %% - 8 ~ 9 -11 "4
b 840129 160215 3 1 24 28 22 29 xxx 12 9 18 14 X¥x - 7 - 8 - 8 XXX xXx - ¢ -10 ;_
-4 840129 150440 3 xxx 24 2 22 28 1 12 9 18 14 X% - 7 - 8 - 8 XXX X¥x -~ 9 - 9
840129 160534 3 x%xx 24 28 22 28 xxx {1 ? 18 14 1 -8-8-8 %x%x xxx - 9 -10
0] 840129 160712 3 Xxxx 24 28 22 28 *xxx 11 8 17 14 xxx - 7 - 7 - 8 %xx 1 -9 -10
’ 840129 1461211 3 1 23 27 22 28 ¥xx 11} 8 17 13 %xx - 8 - 8 - 8 XXX XXX -~ 9 ~10 A
- 840129 163249 3 x¥x 21 25 20 26 x¥xx 10 8 16 13 XX - 8 - B - 8 ¥%x 98 - 9 -11 ”
840129 1463715 3 22 2 25 20 25 20 10 8 16 13 -7 -7 -8~-8 %xxx -8 - 9 -11
. 840129 172325 3 18 17 21 16 22 17 7 6 13 10 -8-8-9 - 9% xxx - 9 -10 -11 :
B40129 175425 3 16 15 18 14 19 14 S 2 10 7-8-9-9 -9 %% ~-10 -10 -12
840129 185227 3 12 11 14 11 1S5 11 3 0 7 4 -9 -9 -10 -10 x*x -10 -10 -13
. 840129 204510 3 7 6 7 é 9 6 -1-3 2 ~1+-10 -10 -11 ~11 ¥¥x -11 -11 -15 )
: 840129 223337 3 2 2 3 1 4 1 -4-6-1-4-11 -§1 -12 -12 *xx -12 -12 -14 pY.
840130 001259 3 -1 -1 -1 -2 ~-0-2-6-6-4-3 -12 -12 -14 -14 x%x%x -14 -14 -18 "
B40130 024459 3 ~ 5 - 5 - 5 - 6 - 4 - -9 -9 -7 -7 -15 -14 -16 -16 x¥x -16 -186 =21 [y,
! 840130 054259 3 - 9 -8 -9 - 9 -8 -10 -13 -12 -10 -11 ~17 -17 -19 -19 *¥x -19 -19 -24 ly
840130 092936 3 -13 -12 -13 -13 -12 -14 -15 -15 -13 -14 -17 -18 -18 -19 x¥%x -19 -20 -17
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Table C-7 (Cont'd)
THERMOCOUPLE TEMPERATURES

9 56 S9 S1 28 28 35 38 1
S2 45 S1 41 25 24 36 34 - 0
49 41 48 39 23 22 35 32 - 1

S 37 45 37 21 22 31 30 - 1
42 34 42 33 20 20 31 28 - 1§
39 31 39 32 15 16 28 26 - 2
38 28 38 32 9 15 26 24 - 2
37 28 38 32 5 15 25 24 - 2
37 28 38 32 12 16 25 24 - 2
34 26 34 27 14 16 24 23 -2
30 22 31 25 13 14 21 20 - 3
26 20 27 22 10 13 18 18 - 4

8 20 27 22 0 10 18 18 - 4
25 19 27 22 -4 9 18 17 - 3
23 19 26 20 4 9 16 16 - 4
24 19 26 20 8 11 15 16 - 4
20 16 22 18 8 10 14 14 X*x
16 13 18 14 6 B 12 12 Xx%
13 10 15 11 4 & 9 9 *kx
10 8 12 9 2 4 7 7 8

& 5 8 S-0 1 4 4 4

2 1 4 2-2-1 1 1 0

1-1-0-2-4-4-2-2-3
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Table C-8

THERMOCOUPLE TEMPERATURES
THERMOCOUFLE TEMPERATURES

TIME VEH 1 2 3 "4° S & 7 8 9 10 11 12 13 14 15
080021 3 - 4 -4 -4-4-3-4=-7-6-5-5-6-10-12 -12 Xx¥
104137 3 -6 -6-6-6-5-7-8-8-7-7-8-9 -10 - 8 kXX
114637 3 -6~ 6-6-6-6~-~6-6-7-6-6-7-7-6- 4 XXX
1320313 - 6-7-5-6-6-6~-3-4-5-5-5-15-0-2 K%
1321313 -8 -7 -5-6-6-86 4 -0-5-5-5-75-0-2 Ktx
132431 3 -4 -6-4-5-5-~4 8 S5-4-4-5-2 3 1 k&%
132531 3 -3 -6 -4-5-5-3 11 &-3I -3 -4 4 4 3 ¥xx
1326313 -2-5-3-5-5-2 12 8-3-2-3 11 7 5%k
132731 3 -0 -3 -3 -4-4-1 14 9 -1-2=1 18 11 8 ¥%x
1328313 0 -1 -2-4-4-1 15 11 0 -1 1 24 15 11 ¥XX
1320313 2 1 -2-4-~4-0 15 12 2 0 3 29 19 13 ¥xx
1330313 2 3 -1 -3 -4 1 16 13 4 1 5 34 22 15 ¥xx
1331313 3 4 -1-3 -4 2 17 14 7 2 7 33 25 17 ¥xxx
1333313 5 11 0 -2-3 4 18 15 10 4 11 44 29 20 ¥xx
1336313 6 17 1 -1-3 6 18 16 15 6 14 24 24 19 XkX
1337313 7 19 2 -1 -2 4 18 17 15 & 13 17 20 16 Xxx
1339313 8 21 2-0-2 7 19 17 15 7 12 12 18 15 XXX
1342313 10 25 3 0 -1 8 20 18 15 8 10 10 16 14 X¥x
134631 3 13 32 5 1 -0 10 22 19 14 9 9 8 15 14 XXX
135031 3 15 36 6 2 1 11 22 19 14 11 7 7 14 13 x%x%
135331 3 16 39 6 3 1 11 23 20 13 11 7 6 13 13 ¥xxx
135431 3 17 40 7 3 1 11 23 20 13 11 6 6 13 13 x&x
13573t 3 18 43 7 3 2 12 24 21 14 12 & 5 13 12 X%
135931 3 19 45 8 3 2 12 24 22 14 13 S 5 13 12 ¥%x
1401313 20 48 9 3 3 13 25 22 14 13 5 4 13 12 xxx
144234 3 39 81 21 13 14 20 39 36 34 26 29 69 49 34 £*x
144534 3 40 B84 21 13 15 21 39 35 34 26 29 47 39 31 Xix
144634 3 40 84 21 14 15 21 39 35 34 26 29 37 33 28 Xxx
144834 3 40 B85 22 14 16 21 39 35 34 26 28 32 30 26 XX
145234 3 43 87 22 15 17 22 40 35 32 27 26 27 27 25 XX
145834 3 46 91 24 17 19 23 42 35 31 28 22 22 24 23 XXX
150534 3 48 95 26 19 21 23 44 37 31 28 20 18 24 22 XXX
150634 3 48 95 26 19 21 23 45 38 31 29 19 18 24 22 kX
150834 3 49 96 26 1% 22 23 44 38 31 29 19 17 23 21 kXX
151034 3 49 97 27 20 22 24 44 38 32 29 18 17 23 21 *x%
151234 3 49 97 27 20 22 24 45 38 32 30 18 16 23 20 xxx
151434 3 S0 99 28 21 23 25 45 39 32 30 17 16 22 20 Xxx
151634 3 S1 99 28 21 23 26 45 39 32 31 17 15 22 20 XXX
151834 3 51 ¥xx 28 22 24 26 45 38 32 3t 16 15 22 20 XKk
152134 3 53 xxx 29 22 25 26 46 38 32 31 16 14 22 20 XX
152434 3 S3 Xxx 29 23 25 26 46 38 32 31 15 13 22 20 XXX
152734 3 54 %xx 30 23 26 27 47 38 32 31 15 13 22 20 k¥
153134 3 56 X%k 31 24 27 27 47 39 33 32 15 13 22 19 X%k
153634 3 S7 xx¢ 31 25 28 28 47 38 33 32 14 12 21 19 X%
154134 3 S8 *%x 32 27 29 29 48 40 34 33 14 11 21 19 KX
154634 3 59 *xxx 33 28 30 30 49 39 34 34 13 11 21 19 Xxk
155434 3 61 kxxx 34 30 32 3I2 51 42 35 35 13 11 21 19 Kxx
160934 3 64 *xxx 37 33 34 32 53 44 38 38 13 9 20 1B X%
161634 3 45 x¢x 38 34 36 32 53 45 38 38 12 9 20 18 Kkx
163016 3 68 *kx 41 37 38 35 5S4 46 40 41 12 9 20 17 Xxx
163316 3 68 xxx 41 37 39 35 42 41 40 41 12 9 17 16 K%K
163514 3 48 ¥xx 41 37 39 35 38 3I8 40 40 11 8 16 15 xxx
164216 3 67 xxx 40 37 39 35 34 34 38 38 11 8 14 13 $x
164916 3 66 xxx 39 37 39 34 31 32 36 36 10 7 12 11 93
165116 3 46 sxx 39 37 39 34 31 32 36 36 10 o i2 11 8/
165316 3 66 xxx 39 37 39 34 30 31 35 35 10 7 11 10 81
165516 3 66 ¥xx 39 37 39 34 29 31 35 35 10 7 11 10 74
165716 3 65 *xx 38 37 39 33 29 30 35 35 10 7 10 9 67

3 7 10 10 59
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Table C-8 {Cont’'d) §y.
THERMOCOUPLE TEMPERATURES Yy
by,
-
840121 170316 I 44 96 38 3I7 39 33 27 29 I3 33 10 7 9 8 S4 13 11 - 4 v
840131 170416 3 64 94 38 37 39 33 27 28 34 33 9 7 9 g 47 13 .11 - 3 -
840131 171014 2 63 92 37 37 39 32 26 28 32 32 9 6 8 7 42 12 10 - 32 -
840121 171516 3 62 89 37 36 39 32 25 27 32 32 ¢ 6 7 7 37 11 9 - a
840131 172016 3 461 87 36 316 38 32 25 26 31 31 8 S & 6 31 10 9 - 3 B
840131 172716 2 59 93 26 35 38 31 24 246 30 30 8 S & 6 27 9 8 - 32 y
B40131 173816 3 S4 78 IS5 34 38 31 22 25 29 29 8 4 5 S 21 8 7 -3 =
840131 174745 3 S22 74 35S 33 37 31 22 24 28 29 7 4 4 4 18 7 6 -3 v
840131 180614 3 47 46 35 3I2 36 29 20 22 27 27 7 3 -0 -0 %x%xx 4 I - 4 ”
840131 181812 3 45 &2 34 31 35 29 20 22 26 26 7 2 -1 -1 x%x I 2 - 4 N,
840131 183203 3 42 S7 33 29 34 28 19 20 25 25 &6 2 -1 -1 %xxx 1 -0 -5 '
840131 184403 3 40 S3 32 28 33 27 18 19 24 24 & 1 -2 -2 %x%%x 0 -1 - 4 w
840131 190225 3 37 49 It 27 32 26 17 18 23 23 46 1 -2 - 2 x%x - 0 -1 - § Vv
840131 192035 3 35 45 30 26 31 25 16 17 22 22 5 1 -2 -2 x%x -1 -2 - 5§
840131 193935 3 33 41 29 24 29 24 15 14 21 21 S 0 -2 -2 %x%%x -2 -3 - 5
840131 200222 3 30 3?7 27 23 28 23 13 13 20 18 4 0 -1 - 1 ¥X¥x - 2 - 3 -1 Y
840131 203022 3 27 33 25 21 26 21 13 12 18 16 4 - 0 - 1 - 1 ¥kx - 1 - 2 - 1 Ny
840131 210222 3 25 29 23 20 24 19 12 11 16 14 3 0 -1 - O X%Xx - 1 - 1 - 1 0y
840131 2144223 22 25 21 18 22 18 10 10 1S 13 3 0 -1 - 1 %%x - 1 - 1 - 1 a
B40131 223522 3 19 20 18 15 19 15 9% 8 13 11 2 0 -1 -1 ¥%x - 1 - 1 -1 b
840131 233934 3 1S5 16 15 13 16 13 8 8 11 10 2 -0 -2 -1 X%k - 2 - 2 - 2 'y
840201 0211034 3 12 12 12 10 13 10 & 7 9 9 1 -1 -2 -3 k¥ ~ 2 -2 - 5
840201 032134 3 8 8 8 7 9 7 3 4 6 6-0-3~4 -4 Kkt -4 -4 - ¢ 3
840201 055734 3 S S 4 4 S 4 0 1 3 3 -2 -4-6-6%XX%k-6-6-7 o
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Table C-9
THERMOCOUPLE TEMPERATURES

THERMOCOUFLE TEMPERATURES
7 8
-1 -1
1 1
10 12
11 14
16 20
20 246
22 28
20 28
20 27
14 19
11 14
12
11
11
10
10
10
10

DATE TIME VEH
840201 083218
840201 084259
840201 0844659
840201 084759
840201 085559
840201 090259
840201 090759
840201 0909359
840201 091059
840201 091259
840201 091559
840201 092059
840201 092359
840201 092559
840201 092759
840201 092859
840201 092959
840201 093059
840201 093159
840201 093259
€40201 093359
840201 093559
840201 093759
€40201 093859
840201 093959
840201 094059
840201 094159
840201 094259
840201 0943359
840201 094459
840201 094559
840201 094659
840201 094859
840201 095159
840201 095259
840201 095525
840201 095917
840201 100525
840201 101025
840201 1012325
840201 101425
840201 101625
840201 101725
840201 101834
840201 101953
840201 102153
840201 103013
840201 103213
840201 103513
840201 103739
840201 103839
840201 103939
840201 104022
840201 104122
840201 104222
840201 104343
840201 104544
840201 104952
840201 1095456
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Table C-9 (Cont'd) )
THERMOCOUPLE TEMPERATURES

~
N UNCLASSIFIED /C-28
N
)

840201 105958 2 38 70 13 14 19 21 14 28 30 20 25 56 30 21 #tg xRx % - |1 ,
840201 110055 3 38 71 18 16 19 21 9 28 It 20 25 S6 32 23 XXX XXX KKK - 2 ;
840201 1101SS I 38 72 18 16 19 22 5 26 31 20 26 S6 33 24 ¥EX XXX kXX - 1
840701 110455 3 40 74 13 1& 20 23 11 27 31 19 27 S7 32 24 XXX XXX Xx¥ - 1
840201 110555 3 41 75 19 16 20 25 7 25 31 19 27 S7 33 25 KXk XXX XXk - 2
840201 111155 3 43 79 19 17 21 28 14 27 30 18 28 57 32 25 KkK XXX XXX - 1
840201 111255 3 44 79 19 t7 21 28 8 26 31 18 29 57 33 24 X¥x XXX Xxx - 1
840201 111355 3 45 80 19 18 22 29 13 28 30 18 29 57 34 26 KKK XXX XXX - 1
840201 111455 3 45 91 19 1§ 22 29 7 25 31 18 29 S7 34 25 XXX XXX RXX - 2 ;
840201 111655 3 46 82 20 18 22 29 15 30 31 18 30 58 34 25 KEK XXX £XX - 1
840201 111755 3 44 83 20 18 23 29 20 31 31 19 30 59 3T 23 X% KKK AKX - 1
840201 112555 3 47 88 22 20 24 27 17 32 34 23 32 SO 35 26 KKK XXX RRK - 1 y
940201 112555 3 T 88 22 20 24 27 23 32 34 23 32 S9 35 26 XXX EXX ¥¥x - 1
£40201 113055 3 48 90 22 21 25 26 9 30 35 24 33 0 36 27 EXX XkX kXX - |
949201 113255 3 S0 91 22 21 25 26 2 26 35 24 33 40 35 28 XXX XXX ¥¥X - 1
830201 113455 3 SO0 92 22 21 26 28 7 30 35 23 33 &0 35 27 kXK KXk X¥x - 1
340201 113555 3 S0 93 23 21 26 28 17 32 35 23 33 &0 34 27 ¥Xx XXX XX% - |
830201 113655 3 50 93 23 21 26 29 13 33 35 23 34 40 36 28 KEK KXX XXX - |
240701 113755 3 S0 93 23 22 26 29 17 34 35 23 34 40 35 27 XXX XXX X¥% - |
540201 114155 3 52 95 24 22 27 30 9 32 36 24 35 40 35 26 K¥K KX XXX - 1 g
840201 114555 3 S3 96 24 23 28 31 5 29 36 24 35 &1 36 27 KEX KXX XXX - 1
840201 114955 3 53 98 24 23 28 33 9 31 35 23 36 40 35 25 EK¥XXK XXX XXX - 1
840201 115155 3 5S4 99 25 23 29 33 5 31 35 23 36 40 346 26 XXX EXX ¥Xx - 1
840201 115355 3 5S4 98 25 24 29 33 2 24 35 22 36 S50 31 25 kKX XXX XXX - | '
840201 115455 3 5S4 98 25 24 29 33 3 24 34 22 36 43 30 24 X¥X kX% ¥%x%x - 1 y
840201 115555 3 54 97 25 24 29 32 16 28 34 22 36 39 31 25 KXX XXX XXX - ] ‘
840201 115655 3 S4 97 26 24 29 31 21 29 3II 22 35 37 31 26 XXX KXX X¥% - 1 :
840201 120055 3 52 95 26 24 29 31 23 29 32 23 35 33 30 25 KK XKE XXX - 1 ;
840201 120555 3 S2 93 26 24 29 31 22 28 30 24 33 29 25 23 KXK XXX RAX - |
840201 121155 3 S2 89 26 25 28 30 22 28 29 25 32 26 22 20 ©8 KKK kX% - 1
840201 121355 3 S1 88 26 25 28 30 22 27 28 25 31 24 21 19 90 Rkx ¥xx - 1 .
840201 121455 3 S1 88 27 25 28 30 22 27 28 25 31 24 21 18 86 kX% 99 - 1 .
840201 121555 3 St 87 26 25 28 30 22 27 28 25 31 24 20 18 83 xrx 95 - 1 N
840201 121655 3 S1 86 26 25 28 30 22 27 27 25 30 23 20 18 81 97 91 - 1 ;
840201 121855 3 SO 85 26 25 28 29 22 27 27 25 30 23 19 17 75 90 83 - 1
840201 122055 3 SO 84 26 25 28 29 22 26 27 25 30 22 19 16 70 84 77 - 1
840201 122255 3 49 83 27 25 28 29 22 26 26 26 29 21 18 1& && 79 71 - 1 ;
B40201 122455 3 49 82 26 25 28 29 22 26 26 25 29 21 17 1S 61 74 66 - 1 :
B40201 122655 3 49 81 27 25 28 28 22 25 26 25 29 20 17 15 S8 70 61 - 1 ;
840201 122855 3 49 80 24 25 28 28 22 25 26 25 28 20 14 14 56 b6 S7 -1 X
840201 123155 3 49 78 26 25 28 28 21 25 25 25 28 19 16 14 52 60 51 - 1 v
840201 123455 3 48 77 26 25 28 27 21 24 25 25 27 19 15 13 S50 56 46 - 1 i
840201 123755 3 48 75 26 25 28 27 21 24 25 25 27 18 14 12 48 S2 42 - i
- 840201 124155 3 47 74 26 25 28 27 20 24 25 25 26 17 13 12 43 47 37 - 1
- 840201 124555 3 47 72 26 25 28 26 20 23 24 24 26 17 13 12 3I8 43 33 - 1
Is 840201 125055 3 45 49 26 25 28 26 20 23 24 24 25 16 12 11 34 38 29 - 1
" 840201 125655 3 43 67 26 25 27 25 19 22 23 24 25 15 10 9 30 33 25 - 1
* 840201 125855 3 43 66 26 25 27 25 17 19 23 23 24 15 10 8§ 25 30 23 - 1
3 840201 125955 3 43 66 26 25 27 25 2 15 23 23 24 15 10 8 21 30 22 - 2
' 840201 130255 3 40 65 25 24 27 23 -1 10 21 20 24 15 10 8 17 28 19 - 2
< 840201 130955 3 37 &1 23 23 26 23 -1 7 16 15 24 15 9 8 14 25 16 - 1
. 840201 131755 3 35 58 22 22 25 22 -1 5 12 12 23 14 7 12 20 13 -2 .
N 840201 132755 3 32 S4 21 20 24 21 -1 3 8 10 22 13 8 6 9 17 11 - 2 )
s 840201 133855 3 29 50 20 19 23 20-1 3 & 8 22 13 7 S B 14 9 -2 .
. 840201 134955 3 27 45 18 17 21 19 -1 2 S 8 21 12 6 S 7 i1 7 -2
o 840201 140147 3 25 41 17 15 19 17 -2 1 4 6 20 11 & 4 6 10 6 -1
840201 141547 3 22 37 15 14 17 16 -2 O 3 5 20 11 S 4 4 8 5 -2
840201 143137 3 20 33 13 12 16 14 -2 -0 2 4 19 10 4 3 3 7 4 -2
840201 144937 3 17 29 11 10 14 13 -2-0 i1 4 19 9 4 I 3 S 4 -2
840201 150937 3 14 25 10 8 12 11 -2-0 O 3 18 8 3 2 2 4 3 -1
840201 153824 3 12 20 8 7 10 §8-2-0 ©0 2 17 8 3 1 2 3 2-2 A
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Table C-9 {Cont’d)
THERMOQCOUPLE TEMPERATURES

840201 1460824
840201 1651900
340201 145132
840201 165253
840201 1465341
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3 Table C-10
4
THERMOCOUPLE TEMPERATURES .
. THERMOCOUFLE TEMFERATURES "
[ DATE  TIME VEH 't 2 3 4 S 6 7 & 9 10 11 12 13 14 15 16 17 13 o
&\ 840202 092006 3 - 2 -2 -2-2=-2=-3-3-3-3-3~-1-3-4-4%X% -3 -3 -4 J
b 840202 094051 3 3-0-1~-1~1 4 13 15-0 1 -0 6 10 6 kXK 20 x¥x - 3 '
N 849202 094151 3 4 2-0-1-1 S 14 15 0 2 0 12 10 8 #xx 3T xxx - 4
- 840202 094651 3 $ 13 2 1 0 10 13 14 9 6 S 32 22 18 Xx¥ 81 Xxx - 4
840202 094851 3 ? 1S 2 f 0 9 8 10 12 & 7 35 24 12 xxx 85 x4X - 4
.. 840202 095151 3 8 16 2 0 O B8 7 B8 15 5 9 40 26 20 kX% 87 X¥x - 4 .
- 840202 095551 3 8 16 2 0 0 7 7 8 17 4 12 33 28 21 98 90 Xk¥ - 4 :
- 840202 095651 3 8 16 2 0 0 4 8 8 17 5 13 44 29 22 91 91 Xxx - 4 -
o 840202 095751 3 8 16 2 0 1 6 8 B8 18 4 14 44 28 20 BT 91 Xxx - 4 K
. 840202 095851 I 8 16 2 0 0 & 3 8 13 4 14 45 27 20 BO 91 Xxx - 4 .
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TEMPERATURE DATA
FROM CONTROL VEHICLE

NOTE:

1. An unplugged thermocouple breaks the thermocouple circuit and causes the
data acquisition system to measure common mode voltage which, in most cases,
corresponds to a very high temperature. In those situations the temperature is far beyond
the range used for actual temperature measurements and therefore the temperature is
displayed in the tables as ‘***’ and will not appear on the temperature plots except as
a line descending directly down from a very high temperature to a legitimate reading.
These occur on several occasions in Annex D but must be disregarded as they have
absolutely no bearing on the temperatures which occurred in the vehicles.

2. Although temperature data was recorded at one minute intervals during the test
period, to reduce the amount contained in this Annex, data is presented only after each
change of 4°C in any thermocouple reading.
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LEGEND FOR ANNEX D TEMPERATURE DATA

Oil — Oil Pan, Rear
Coolant — Thermostat Housing
Air — Air Inlet Horn )

, e -
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Fuel — Fuel Inlet 4
Electrolvte — Battery, Forward
Air — Battery Box 3

Air — Crew Compartment
Air — Outside of Vehicle .
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(" TABLE D-1
" THERMOCOUFLE TEHFERATURES
— EATE——FIMEVEH 4 2 3 4 i & A & e
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. (— TABLE D-2

; THERMOCOUFLE TEMPERATURES
8 — LATE T ME—VEH 1 2 2 4 5 y ! ¢
840125 105236 4 -10 ~10 -12 =11 =18 =15 -17 -16
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